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“THE INNER-SPACE MEN 


NEWPORT NEWS 


STOP TANK CORROSION 


BY AN AMAZING N EW PROCESS! 


Ship owners and operators can now virtually eliminate 
tank corrosion as a result of a revolutionary lining tech- 
nique used by Newport News. 


Carefully prepared tank interiors are sprayed with a 
corrosion-resistant material which seals off all steel sur- 
faces. Dehumidified air throughout the work area prevents 
re-rusting between blasting and spraying operations, 
speeds up the coating process. 


This advanced Newport News process ends the need for 


anodes to prevent electrolytic action during cleanings, 
eliminates chemical cleansers. Surfaces are easily purged 
of contaminants, while time and cost of tank cleaning, 
gas-freeing and other maintenance are greatly reduced. 


- Write to Newport News for complete information on 


cargo tank coating today! 


Newport News 


SHIPBUILDING AND DRY DOCK CO. 
NEWPORT NEWS, VIRGINIA 
A.S.N.E, Journal, August 1960 i 
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The MARKHAM, measuring 339.6 feet overall, was built for 
the U.S. Army Corps of Engineers. Note the unique bow thruster, 
wered by two 75-hp Westinghouse motors, that gives the 


OPERATING POWER aboard the MARKHAM is supplied 
by two main diesel-electric plants. Shown above: the port gen- 
erating line-up consisting of (left to right) ship service generator, 


ARKHAM extreme maneuverability in adverse winds and 


currents, confined waters, docking and undocking. 


Coordinated Westinghouse electrical system 


The U.S. Army Corps of Engineers’ newest seagoing 
hopper dredge, MARKHAM, boasts many ‘“‘firsts.’’ 

She is the first American-built vessel having a bow 
thruster—a bow-mounted propeller assembly powered 
by two Westinghouse motors—that gives her a very 
high degree of maneuverability. 

Two independent main diesel-electric generating 
plants furnish power for the MARKHAM’s pro- 
pellers, dredge pumps, drag arm winches and auxiliary 
equipment. Each Westinghouse main propulsion 
generator supplies power to two Westinghouse pro- 
pulsion motors. The first magnetic amplifiers used 


in a marine main control circuit maintain constant 
horsepower operating characteristics to achieve full 
utilization of the propulsion system. For the first time 
on a dredge, a-c power is used for auxiliary power. 
Other Corps of Engineers dredges discharge dredged 
material by gravity via doors in the hopper bin 
bottoms, which often means traveling to deep water 
dumping grounds. The MARKHAM can discharge 
in this manner or through her Westinghouse-driven 
dredge pumps, which increases effective dredging time. 
Supplying the diverse, reliable electrical equipment 
reqiured by dredges is not new to Westinghouse—17 
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dredge pump generator, and propulsion generator, all supplied 
by Westinghouse and connected to a diesel engine for maximum 
engine utilization. 


OPTIMUM PERFORMANCE of each of the MARK- 
HAM?’s dredging pumps is assured by a 1000-hp West- 
age a pump drive motor. Westinghouse control boards 

n drag tender stations (one shown in inset) permit re- 
inet control of dredge pumps and related equipment. 


boosts dredge efficiency and versatility 


other Army dredges are Westinghouse-equipped. 
Leader in marine research, Westinghouse has pio- 
neered better propulsion turbine materials, new gear 
designs and new insulations to keep the nation’s sea 
power on the move. Through research and develop- 
ment, Westinghouse is uniquely qualified to supply 
all main drive and auxiliary equipment—a single 
source, a single responsibility that mean coordination 
of performance for highest efficiency and economy. 

For more information, call your Westinghouse rep- 
resentative ...or write Westinghouse Electric 
Corporation, P.O. Box 868, Pittsburgh 30, Pa. J-92047 


Westinghouse equipment aboard the MARKHAM: 
Main propulsion generators and motors « dredge 
pump generators and motors « auxiliary genera- 
tors « emergency diesel generators « switchboards 
—main propulsion, dredge pump control and 
emergency « bow thruster motors. 


Westinghouse 
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At sea with the fleet, on patrol or a cruise, there’s no 
time or place for major repairs or replacements. That’s 
why ships of the U.S. Navy as well as 95% of America’s 
merchant fleet are Leslie-equipped. Almost all shipown- 
ers, operators and builders have learned to depend on 
Leslie controls to keep ships moving from port to port 
on schedule—without costly, time-consuming mishaps. 


With its 60 years’ experience in producing and designing 
valve equipment for the marine industry, Leslie has 
developed fully dependable controls and regulators that 
insure trouble-free service, maximum resistance to corro- 
sion and hard ship-board use. 


ENGINEERED FOR MARINE SERVICE 


Diaphragm 
control valves 


Control pilots for pressure, 
temperature and level 


Pressure 
reducing valves regulators 


CONTROLS 


HELP 


Leslie products include reducing valves for steam, air and 
water; temperature regulators for steam and water sys- 
tems; pump pressure regulators for steam driven pumps 
and turbines; pilot mechanisms and diaphragm control 
valves for liquid level and pressure and temperature con- 
trol; and Leslie-Tyfon steam and air whistles. Write for 
complete information and application data. 


REGULATORS and CONTROLLERS 


.esiie Co., 721 Grant Ave., Lyndhurst, New Jersey 


Temperature 


Strainers Steam and air whistles, 


automatic whistle controls 


Pump pressure regulators, 
Differential pressure regulators 


iv AS.N.E Journal, August 1960 
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Wide variety of Cupro Nickel piping for salt water 
lines is readily made from sheet by welding 


Ever higher velocities in salt water 
lines and the growing economic im- 
portance of continuity in service, on 
shipboard, and also in tidewater 
power plants and oil refineries, are 
leading to increasing use of Cupro 
Nickel in piping. 

Techniques and skills for econom- 
ical fabrication of even the most 
complicated elements of Cupro 
Nickel piping systems are keeping 
pace. Boro Marine & Industrial 
Corp., Port Richmond, Staten Is- 
land, N. Y., a specialist in the field, 
forms piping in sizes 6” x 24” diam- 
eter from Anaconda Cupro Nickel 
stock sheet, usually 48” x 96” x 46”. 
Elements shown left indicate the 
variety possible. Seamless tubing is 
used for smaller diameters. 

Boro Marine fabricates piping 
from both Cupro Nickel 30%-702 
and Cupro Nickel 10%-755. The 


trend, however, is to Cupro Nickel 
10%-755 for the majority of salt 
water line installations on commer- 
cial vessels and in industrial jobs, 
according to M. E. Wuensch, 
president. 

TECHNICAL ASSISTANCE. For help in 
selecting the alloy best suited for a 
particular job in heat transfer and 
piping systems, call in your Ameri- 
can Brass representative, or write: 
The American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Ontario. 60668 


ANACONDA’ 


CUPRO NICKEL MILL PRODUCTS 
Made by The American Brass Company 


Goodrich 
Bearings 


OIL RESISTING RUBBER 


FOR PROPELLER SHAFTS 


There is a size and type of Cutless Bearing for every powered boat or vessel. 
Soft rubber, water lubricated, Cutless Bearings out-wear all other bearing materials. 


LUCIAN Q. MOFFITT INC. 


AKRON 8, OHIO 
Engineers and National Distributors 


A.S.N.E, Journal, August 1960 Vv 
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ON SHIPBOARD AND IN SHIPYARD 


BUFFALO VENTILATING FANS. Buffalo Fans (100% Maritime Administration approved) 
perform as specified. Compact design, flexibility of arrangement — efficient, balanced 
wheels — fully streamlined housings — husky construction make them ideal 
for marine service. Buffalo Type BL Fans power many of the biggest ship exhaust 
and ventilating systems. Buffalo Axial Flow Fans provide high volume air moving, yet require 
no more space than a section of duct. Whatever your capacity, installation requirements or service, 
chances are that Buffalo builds just the fan for the job. Write us today for recommendations. 


VERTICAL DESIGN SHOWN requires only a fraction of the space of a 
horizontal pump. High-efficiency double suction design means maximum 
clear water handled by a 
minimum-sized pump. Vertically 
split casing for easy access 


to rotor assembly. Capacities BUFFALO 
to 14,000 gpm. For capacities METALWORKING 
MACHINES 


up to 1100 gpm, the compact 

Buffalo Close-Coupled Pump 
is easily mounted anywhere 

by its motor flange. For clear 

water, high-pressure service 
(up to 500 psi), specify Buffalo performs seven operations 
Type RR Pumps. Available ; without changing tools. 
in two and four stages. Machines, Bending Rolls, Billet Shears, Bar 
Write today for details. Cutters and Mill Type Shears. 


Buffalo builds a variety 
of machines for drilling, 
cutting, punching, shearing 
and bending. The Univer- 
sal Iron Worker, shown, 


BUFFALO FORGE COMPANY 
MARINE DIVISION 


* Buffalo, N.Y. 


vi A.S.N.E. Journal, August 1960 
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: Built by the National Steel & Shipbuilding Company, San Diego, California. 


The SURVEYOR 
Newest seagoing laboratory 


powered by C-E Boilers 


The Surveyor, newest ship of the U.S. Coast and 
Geodetic Survey, will soon undertake her vital 
assignment to extend the frontiers of knowledge 
in the science of oceanography. 

The Surveyor’s primary mission will be to 
develop navigational data in support of our sub- 
marine Navy and, coincidentally, to conduct new, 
important studies of the Arctic in collaboration 
with land-based survey parties. The ship may also 
serve as a means of supply to outlying Alaskan and 
Aleutian communities. 


A steam propulsion plant was selected for the 
Surveyor, not only to provide maximum reliability 
during extended periods, but also to assure the 
quiet, vibrationless operation necessary to proper 
functioning of the many sensitive instruments with 
which the ship is equipped. 

Along with the many notable C-E powered ships 
operating in the fields of “pleasure, commerce and 
national defense,” one has now been added to serve 
the field of science. 


COMBUSTION ay ENGINEERING 


Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y. 


CANADA: Combustion Engineering-Superheater Ltd. 


C-273 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 


A.S.N.E. Journal, August 1960 vii 
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“ALEXANDER T. WOOD’ 


A.S.N.E. Journal, August 1960 
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Controllable Pitch 
PROPELLERS 


Here are just a few of the many applications 
that help make KaMeWa the world’s most 
widely used controllable pitch propeller. Before 
you consider propulsion on any type of vessel, 
get the whole story on KaMeWa Controllable 
Pitch Propellers. 


For complete information, write: 


BIRD-JOHNSON CO. 


SOUTH WALPOLE, MASSACHUSETTS 


Sales Office in Canada Pacific Coast 
21 West Street A. Johnson & Co., Ltd. H. J. Wickert & Co., Inc. 
New York 2,N. ¥. P.O. Box 56, Montreal 16 = 770 Folsom St., San Francisco 


Send for 
New KaMeWa 


CP Propeller 
Catalog 


Towboat “DELTA CITIES’ 


“Vessel “FORT STEELE H MARTHA E Minebunter “MHI 
lce-Dreaking Tug “JAMES J. VERSLUIS 
Carterry “ARTHUR K ATKINSON’ Harbor Tug.“ TROJAN 
onger Vessel "RANGER HI" ag 
‘anadian Fisheries Vessel “CYGNUS’ MISSiSSID| 
Cargo Liner-‘LOS ANGELES” Mediterranean Ferry “VIRGIN DE AFRICA 
Bulk Carrier “AVERY C. ADAMS” Buoy Tender 
— 
— 
> 


Bananas 
by the 
boatload | 


Americans like to eat bananas, as ‘ 
shown by the fact that they consume ' 
70 million bunches annually. All of 
our bananas are imported and al- 
most half of this delicious cargo .. . 
about 35 million dollars worth... 
is brought here in U. S. flag vessels. 


It’s easy to see how a strong Mer- 
chant Marine strengthens our na- 
tion’s supply lines ...“shops” for us 
all over the world... keeps our eco- 
nomic health and national defense 
strong. Without these ships, our vital 
supply lines would be seriously 
threatened. Let’s keep our Merchant 
Marine.,.and America... growing. 


Since 1875, The Babcock & Wilcox Company 
has dedicated itself to a tradition 
of excellence in marine boiler design and construction. 


Ct THE BABCOCK & WILCOX COMPANY. 


M419 BOILER DIVISION 


A.S.N.E. Journal, August 1960 ix 
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When your marine auxiliaries are built 
by Worthington, you can count on find- 
ing identical services at the world’s most 
important ports. And Worthington ma- 
rine products are interchangeable because 
they duplicate American designs and 
are built to American standards every- 
where. Thus you can standardize with 
Worthington. 


The pictures on these pages show 10 of 
Worthington’s manufacturing plants 


spread around the globe. These plants 
are geared to handle repair or rebuilding 
of most Worthington marine products. 
In an emergency, a nearby Worthington 
plant will cut costly in-port time to a 
minimum. 


We would like to send you more 
information about Worthington’s com- 
plete line of shipboard auxiliaries. They 
include pumps, compressors, steam tur- 
bines, diesel engines, condensers, deaera- 


YOUR GUIDE WORTHINGTON 
MARINE AROUND THE WORLD 


tors, ejectors, and air conditioning and 
refrigeration equipment. Please write to 
R. H. Davis, Worthington Corporation, 
Section 106-6, Harrison, New Jersey. 


WORTHINGTON 


Tokyo, Japan. Niigata Worthington manu- 
factures almost a full line of marine equipment. 
Since 1953 thousands of tons of shipping built 
in Japanese yards have gone to sea with Niigata 
Worthington products. Engineers and techni- 
cians trained in the U.S.A. assure prompt and 
efficient marine service. 


Brantford, Ont., Canada. 60 miles west of 
Toronto is this modern Worthington factory 
containing 60,000 sq. ft. of space. Here 
Worthington manufactures shipboard equip- 
ment and provides marine service. 


BATH IRON WORKS, Shipbuilders & Engineers 


U.S.S. PREBLE DULG lo — Uur second — and tne S€CONd —— MISSLLE ee 


Hamburg, Germany. Worthington has manu- 
factured marine equipment in Germany for 
more than half a century. After the war, opera- 
tions were transferred to a new plant in 
Hamburg. Completely equipped with modern 
precision machinery, Worthington builds 
pumps, compressors and deaerators here. 


Milan, Italy. One of Worthington’s largest on 
the continent, this plant recently supplied 
almost all the pumps for twelve 36,000 ton 
tankers. Builder of a varied line of pumps, com- 
pressors, turbines and refrigeration equipment, 
this plant as well as a new factory in Naples can 
handle all types of marine service work. 
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Le Bourget, France. Completely equipped with 
the latest modern machinery, Société Worthing- 
ton manufactures a complete line of marine 
products in a 20-acre plant near the famous 
Le Bourget airfield, four miles from Paris. 
This plant can give day or night service on 
Worthington marine products. 


Buenos Aires, Argentina. Worthington manu- 
factures pumping equipment in this plant in 
Buenos Aires. The facilities here can provide 
emergency service when needed by ships calling 
at the nearby port. 


Newark-on-Trent, Great Britain. 1200 employees 
operate this Worthington-Simpson plant. This 
completely integrated operation includes foun- 
dry, welding shop, plate shop, machine shops, 
and complete test facilities. It is ideally suited 
to handle marine service, repair or rebuilding. 


Madrid, Spain. This new plant in an outlying 
section of Madrid was built in 1954. Offering a 
broad line of shipboard equipment, this plant 
has furnished auxiliaries for 90% of the ships 
built in Spanish yards. This modern plant, 
with up-to-date machine tools and a large test 
stand, can give fast, efficient service on all types 
of Worthington equipment. 


Mexico D.F., Mexico. Worthington began 
manufacturing in Mexico City in 1950. Several 
expansions followed, until today the plant is 
equipped to repair and service most Worthington 
equipment. 


Rio de Janeiro, Brazil. Operated by technicians 
trained to U.S. standards, the new Rio plant 
builds marine pumps and compressors from 
Worthington drawings and specifications. 
Branch offices also help to assure you of fasi 
service in Brazil. 
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Aboard the nuclear submarine Sea Dragon, the first 
undersea magnetic video tape recorder will record 
and store data on under-the-ice characteristics from 
externally installed TV cameras. Upon return to 
base the recorded information will be displayed for 
the benefit of undersea service trainees. 


The RCA undersea recorder is a marvel of compact 
design (dimensions 20” x 20” x 100”). It nestles in 
a torpedo rack, and represents a 60% space reduc- 


Revolutionary RCA Magnetic Video Tape Recorder to 
Speed Navigation Training of Submariners 


RONICS F 


OR DEFE 


tion over existing video tape equipment. 


Among the exclusive RCA developments are: the 
now famous “Tiros” satellite recorder ; a radar sys- 
tem designed to take the first pictures of a nose cone 
re-entry vehicle; a unique tape cartridge completely 
adaptable to any size recorder. For literature de- 
scribing new RCA defense and commercial products 
developments, write Defense Electronic Products, 
Radio Corporation of America, Camden, N. J. 


Out of today’s defense needs.,.tomorrow's electronic advances 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
® 
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FIRST 
NUCLEAR- 
POWERED 
SURFACE 
WARSHIP 


pETHUEHEY 
STEEL 


This is the U. S. Navy’s first nuclear-powered surface 
warship, the guided-missile cruiser USS Long Beach, in the 
outfitting basin at Bethlehem Steel’s Quincy, Mass., ship- 
yard. Constructed in the adjacent building basin, her hull is 
being transformed from a structure of steel plates, shapes, 
frames, forgings, and pipes into the mightiest fighting ship of 
her class. 

Powered by two pressurized water reactors, the Long 
Beach will have virtually unlimited high-speed cruising 
radius. Armed with Talos and Terrier missiles, she will pack 
a wallop beyond that of any vessel of her size. Rated at 
14,000 tons, she has an over-all length of 721 feet and a 
beam of 73 feet. 

Also under construction at this Bethlehem yard, is 
another nuclear-powered surface ship for the U. S. Navy. 
She is the Bainbridge, first nuclear-powered, guided-missile 
frigate. 


BETHLEHEM STEEL 
Shipbuilding Division 


GENERAL OFFICES: BROADWAY, NEW YORK 4, N.Y. 
Telephone: Digby 4-3300 Cable address: BETHSHIP 
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The first successful firings of the Polaris missile are dramatic 
evidence »f the fact that this advanced weapon will become 
one of our nation’s most formidable deterrents to aggression. 
For with submarines serving as mobile missile launching 
pads, any target on earth is within deadly striking range if 
retaliation becomes necessary. 

The Polaris-launching submarines are splendidly fitted 
out not only to aim and fire and accurately guide the missile, 
but also to defend themselves. Advanced Sperry submarine 


equipment contributes to both these functions. For precise. 


navigation there is SINS (Ship’s Inertial Navigation System), 
automatic steering and stabilization, depth detectors, gyro- 


compasses, diving and maneuvering controls, instrumenta- 
tion, and computers...and the NAVDAC computer which 
correlates all navigation data. For anti-submarine warfare 
the subs have Sperry torpedo fire control systems, sonar sub 
detection equipment, the attack periscope itself. At two spe- 
cial laboratories both aspects of the Polaris program are 
being refined and integrated: one of which simulates sub- 
marine navigation, the other the environments of the sea. 


Sperry’s role in the Polaris program is typical of the 
Company today, achieving through specialized divisions an 
integrated capability that is contributing to every major 
arena of our environment. General offices: Great Neck, N.Y. 
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Lukens produces the steel... 
Lukens puts it together... 


Lukens offers a single source of responsibility 
for both the plate and the fabrication. It’s 
better that way. You’re assured of top metal- 
lurgical knowledge to assist you in your 
selection of what steel to use, how best to 
fabricate it. You’re assured of the availability 
of that very same steel...for the Lukens roll- 
ing mills produce the nation’s widest range of 
special-duty steel plate. Size of weldment or 
structure? As large and as intricate as they 
come. And Lukens shops can take care of 
your engineered weldments... pilot model 
or production run. Write, outlining your re- 
quirements, to Lukens Steel Company, HH80 
Fabrication Building, Coatesville, Pennsyl- 
vania. 


s high-tensile steel flask, wt can withstand very 
sures, will.supply compressed air to launch Polaris 
siles from under the sea. It was built in a Lukens weld- 


ona Lukens rolling 


4 
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Now available 
around the world 


TEXACO BUNKERING SERVICE 


Newly expanded bunkering service, on a world-wide basis, 
now enables Texaco to serve your vessels even better. 

There is a complete line of Texaco Marine Products—lubri- 
cants, fuels and protective coatings for all types of vessels. 
These, combined with famous Texaco engineering and 
delivery service, are potent factors in assuring dependable, 
efficient, low cost operation. Texaco Inc., Marine Sales and 
Bunkering Services Division, 135 East 42nd Street, New 
York 17, New York. 


QUALITY AND SERVICE AROUND THE WORLD 
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An astrograph—a telescope for precisely 
measuring the motion of stars in our galaxy—will 
be built in the Southern Hemisphere with a $750,- 
000 grantd announced on 5 “uly 1960 by the Ford 
Foundation. 


The new star camera will fill a gap, consisting of 
one-third of the sky, in which the position and 
speed of stars cannot now be measured with great 
precision. The only such existing astrograph, lo- 
cated at the Lick Observatory, Mt. Hamilton, Cal- 
ifornia, covers only two-thirds of the sky. The two 
instruments will permit accurate measurement of 
stellar motion throughout the galaxy. 


The grant was made to Yale University, which 
will operate the Southern Hemisphere astrograph 
jointly with Columbia University. 


Construction of the astrograph will begin im- 
mediately, according to Professor Dirk Brouwer of 
Yale, who, together with Professor Jan Schilt of 
Columbia, will direct the astrograph program. 
Yale is surveying a possible site in Argentina or 


Chile. The instrument’ may go into operation in 
1962. 


The astrograph measures the movement of the 
stars in this galaxy by using as bench marks external 
galaxies—vast star systems outside this galaxy. 
The external galaxies are hundreds of millions of 
light-years distant. 


Relative to the sun, distant stars appear to move 
slowly—through angles of thousandths or hun- 
dredths of a second of arc a year. Close stars, like 
those in the Big Dipper, travel tenths of a second 
of arc a year. 


The astrograph method of measuring the pre- 
cise speed of particular stars consists of making 
two sets of photographs of extragalactic bench 
marks several years apart. The speed of the stars 
is then computed from the distance they have 
traveled from the fixed bench marks during this 
period. 


The greater the time elapsed between the two 
sets of photographs, the greater the accuracy of 
the measurement of stellar motion. The initial set 
of photographs by the Lick astrograph was taken 
in the late 1940s. The second set will be taken 25 
years later. The same interval will be used in the 
Southern Hemisphere astrograph project, Profes- 
sor Brouwer said. 


The stellar motion study will require that about 
4,000 photographic plates be taken of the extra- 
galactic bench marks. About one million images 
on these plates will be measured with the aid of 
special measuring computers currently under de- 
velopment. 
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Terry 
steam 
turbines 


Dependable, compact, efficient...Terry marine turbines are 
specially designed for driving generators, boiler-feed pumps, 
fuel-oil pumps, compressors, etc., aboard ship. They are the 
result of over fifty years of experience in designing equipment 
for commercial and naval vessels. 

Turbines ranging from 5 to 3000 hp are built in the Ter 
solid-wheel design as well as in axial-flow, single-stage an 
multi-stage 

Complete details of turbines for any application will be 
gladly furnished. 


THE TERRY STEAM TURBINE CO. 
TERRY SQUARE, HARTFORD 1, CONN. 


upper half of casing removed. 
pp g TT-1211 


and 
THE NAVY’S CHOICE FOR 40 YEARS 


Kingsbury Machine Works, Inc. nse Frankford, Philadelphia 24, Pa. 
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Making more room for fuel or cargo in this commercial 
fishing vessel, the Maxim Aquavap eliminates water 
storage needs. Standard models available — capaci- 


ties from 100 to 12,500 gallons per day — vacuum- 
distill ten times their weight in fresh water daily, 
using heat from engine jacket water or other source. 


First standard line of smaill-craft 


fresh-water makers is made of Monel 


... for lightness, strength, long service 


Compact new Maxim Aquavap dis- 
tillers — all standard production 
models — save space and weight, are 
good for years of service, thanks 
to sound design with dependable 
Monel* nickel-copper alloy. 


Monel alloy for lightness—this strong 
metal permits thinner, lighter-gauge 
construction, yet is able to with- 
stand high and low pressures, vibra- 
tion, sudden changes in load. 


Monel alloy for outstanding corro- 


sion-resistance—it fights attack from 
salt, brackish or polluted waters, 
and from heavy saline distilling 
products. Monel alloy checks gal- 
vanic corrosion problems, too: it’s 
remarkably compatible with bronzes 
and other metals. And there’s no 
dezincification. 


Monel alloy for efficient heat transfer 
—fast, uniform, without troublesome 
“hot spot” problems. It delivers long, 
effective service at high or low heats. 


Protects fresh-water purity, too. 
Want to know more about the 
new Aquavap line? Write to Ameri- 
can Machine and Foundry Company, 
Maxim Evaporator Division, Hart- 
ford 1, Conn. Want to know more 
about Monel alloy—for economical, 
worry-free performance in shafts, 
tanks, silencers, fastenings and other 
Seagoin’* applications? Write us for 
the useful booklet, “When Metals 
go to Sea.” “Inco Trademark 
HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 
Huntington 17, West Virginia 
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Official U. S. Navy Photograph 


ASROC Missile is fired from the USS Norfolk at Key West, Florida. 
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DEPTH CHARGE 


ROCKET MOTOR 


LAUNCHED 
ASROC 


WEAPON SYSTEM 
(ANTISUBMARINE ROCKET ) > 


cial U. S. Navy Photograph 
ASROC Weapon System (aumuniasion Rocket). 


The Navy’s newest anti- 
submarine weapon, ASROC, 
was demonstrated to newsmen 
off Key West, Florida, on 
Tuesday, June 21, 1960. 

ASROC (a contraction of 
“antisubmarine rocket”) is 
fired from a surface vessel. 
Upon entry into the water it 
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also can be armed with a 
— the demonstration will be tor- 
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Official U. S. Navy Photograph 
Night at the North Pole. The Sargo rests quietly in the Arctic ice at the geographic top of the earth. This time ex- 
posure was painted with photoflash lights. 


General Dynamics Corporation Photo 

Vice Admiral H. G. Rickover, USN, and the Skate’s former Commanding Officer, Commander J. F. Calvert, USN, ride 
the sailplane of the Scorpion as she returns to Groton from successful sea trials on 27 June 1960. The skipper of the 
Scorpion, Commander N. B. Bessac, USN, is on the bridge above. 


see 
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National Defense Photo — 


. .The Royal Canadian Navy’s first HMSC Restigouche, above, participated in the Vi 
destruction of eight enemy surface ships and one U-boat during six years of war- 
time service. She was sold for scrap after the war but her name continues in the 


RCN. The second Restigouche, an anti-submarine destroyer escort, was commis- St. 
sioned in 1958 and serves with the Navy’s Atlantic fleet. no 
otl 
mz 


The Royal Canadian Navy marks its 50th anniversary this year with special events 
and ceremonies in maior cities from coast to coast. — 

While the anniversary officially fell on May 4—the date in 1910 on which Royal 
Assent was given to the Naval Service Act—special activities will be held throughout 
most of the year. 

Nationwide ceremonies commemorating the Battle of the Atlantic were held Sun- 
day, May 8. Naval personnel and veterans in cities and towns across Canada attended 
special church parades in annual tribute to those of the Navy and Merchant Service 
who lost their lives in the war at sea. 

The Navy League of Canada held its annual "Navy Week" observances recently. 
Among the activities planned were open house and parades by the Navy League- 
sponsored sea cadet corps and Navy League cadets and Wrenettes. 

At Halifax, the anniversary was marked by several events, including a sailpast of 
ships of the Atlantic Fleet, a flypast of 40 naval aircraft and a fleet regatta in Bed- 
ford Basin, followed by a performance of the Sunset Ceremony. "Navy Day” activi- 
ties on May 21 included demonstrations by ships, aircraft and submarines and on May ak 
23, the Queen's Color were trooped in honor of Her Majesty's birthday. 

On the other side of the continent, Pacific Command anniversary events included 
a jubilee ball at HMCS Naden on May 19, special displays at the Naval dockyard on 
May 21, when ships and establishments were open to visitors, and prominent RCN 
participation in the annual Victoria Day parade May 23. 

At Ottawa a guard and massed bands from the Atlantic Command performed the 
Sunset Ceremony on Parliament Hill June 30 to July 2 inclusive. 

The destroyer escorts, COLUMBIA and CHAUDIERE, visited Quebec City, Mon- 
tral, Kingston, Toronto, Hamilton and other Great Lakes ports during a month-long 
“anniversary cruise" starting late in May. Other ships will make "annversary visits” to 
Canadian ports on the East and West coasts and in the St. Lawrence and Great Lakes 
from time to time throughout the year. 

Elsewhere across the country, the 21 divisions of the Royal Canadian Navy (Re- te 
serve) will be holding special anniversary ceremonies throughout the year, and most 
divisions will be hosts to the public at open house functions. 


SEAPORTS AND THE TRANSPORT WORLD re 
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NAVAL ENGINEERING 
Definition: NAVAL ENGINEERING is the art and science applied in the 
design, construction, operation and maintenance of naval ships and their in- 


stalled equipment. 


SECRETARY’S NOTES 


Following the Annual Banquet, the Society en- 
ters into a period of relative quiet. For a short pe- 
riod there seems to be nothing to occupy the staff 
except routine business and little of importance to 
require a meeting of the Council. Those things which 
must be decided by the Council were considered at 
a meeting which was held just two days before the 
publication date of this issue of the JournaL. The 


Council’s action will be reported in the next issue. 

The principal matter to be decided had already 
received approval in principal by the Council. This 
is the change in by-laws to establish additional 
forms of membership. The purpose of the proposal 
is to try to attract young engineers and prospective 
engineers to membership. The Junior Membership, 
established not too long ago, was set up for students. 
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It has brought in a few but has not proven to be as 
effective as was hoped for. Under the new proposal, 
the students will be offered a Student Membership 
which will be somewhat less expensive than the 
present Junior Membership and will offer them 
identical advantages. To attract others and to per- 
mit Student Members to continue while they are 
qualifying for full membership, they will be offered 
a Junior Membership, at a cost intermediate be- 
tween Student and full Membership. The proposal, 
which will be submitted to Members on the next 
ballot if the Council approves, will merely establish 
the two classes of Membership with most details to 
be left to the Council. If this is accepted, it should 
provide the flexibility which is necessary in these 
days to permit the Council to set rules and regula- 
tions which offer the best promise of success. 


Rear Admiral David W. Taylor 


The following press release is of interest to the 
Society. Photographs of the presentation appear on 
this page and on page 588. 


“Rear Admiral E. W. Sylvester USN (Ret), Di- 
rector of the Mariners Museum, Newport News, 
Virginia, on behalf of the trustees of the Museum, 
presented a bronze bust of Rear Admiral David 
Watson Taylor to the David W. Taylor Model Basin 
on the 26 of May 1960. It was appropriate that this 
presentation was made during a visit of members 
of the Society of Naval Architects and Marine En- 


Rear Admiral E. A. Wright, USN, presents to Rear Ad- 
miral E. W. Sylvester, USN (Ret.), an original handwritten 
David W. Taylor manuscript on “The Rolling of Ships and 
Its Control” for display and retention by The Mariners Mu- 
seum, Newport News, Virginia. Admiral Sylvester is a past 
President of the Society and Admiral Wright served on the 
Council in 1957 and 1958. 
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gineers to the Taylor Model Basin since Admiral 
Taylor was one of the founders of the Society in 
1893 and during his life was most active in its af- 
fairs. He presented some twenty-two technical pa- 
pers before the Society and served as its president 
for three years from 1925 to 1927. The Society hon- 
ored him in 1936 by establishing the David W. 
Taylor Medal and made the first award to Admiral 
Taylor for ‘notable achievement in naval architec- 
ture and marine engineering.’ 

“In addition to the members of the Society, at- 
tendees at the presentation were former naval 
construction officers in the D. C. area, Mrs. Imogen 
Taylor Devereaux, daughter of Rear Admiral Da- 
vid W. Taylor and staff members of the Taylor 
Model Basin. 


“This bust is a duplicate of the original which was 
made for the Mariner’s Museum by Captain Ralph 
S. Barnaby, USN (Ret) of Philadelphia, Pennsyl- 
vania. 

“The Navy and the David Taylor Model Basin are 
most happy to receive this latest recognition of one 
of its most outstanding naval architects and con- 
structors. It will serve as a constant reminder of the 
highest technical standards for which he stood and 
his eagerness to pioneer in naval research.” 

Admiral Sylvester, who made the award, was 
ASNE President in 1954. Rear Admiral A. G. Mum- 
ma, USN, Retired, who spoke for the Society of 
Naval Architects and Marine Engineers is one of 
the two persons who have ever worn the triple 
naval engineering crown: 


Chief of the Bureau of Ships 
President of The American Society of Naval 
Engineers (1957) 


President of the SNAME (1959-60) 


The other holder of this honor is Vice Admiral E. 
W. Mills, USN Retired, who was ASNE President 
in 1945. 


Admiral Wright who Commands the David Tay- 
lor Model Basin was a member of the ASNE Coun- 
cil in 1957 and 1958. While so serving, he chaired 
the committees which revised the by-laws and 
which worked up the details of the ASNE Award. 


The Brand Award 


The Brand Award for 1960, which is presented 
by the Society, in the name of Mrs. C. L. Brand, 
widow of our Past-President Rear Admiral Charles 
L. Brand, for whom the award is named, to the 
officer student in the graduating class standing 
highest in Course XIII-A at MIT has been pre- 
sented to 


Lieutenant Evenson Mack Burtis, USN 
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SECRETARY’S NOTES 


ASNE Service Academy Awards 
U. S. Naval Academy 


Official U. S. Navy Photograph 


Captain W. D. Brinkloe, USN, Secretary of the Academic 
Board at the Naval Academy and a member of the Society 
presents the Society’s Annual Award to Midshipman R. M. 
Walters, USN. 


The award was presented for the Society on 7 
June 1960 at Annapolis by a member, Captain W. 
D. Brinckloe, U.S.N., Academic Aide to the Super- 
intendent to 


Midshipman Robert Monroe Walters, USN 


Midshipman Walters is from Madison, New Jersey. 
He stood third in this year’s graduating class of 798 
members and in addition to this award, won the 
Admiral William S. Sims Memorial Award for 
standing first in the course in Leadership. Upon 
graduation, he was commissioned an Ensign in the 
Navy—Engineering Duty Only. 


U. S. Coast Guard Academy 


Official U. S. Coast Guard Photo 


Rear Admiral E. H. Thiele, USCG, a member of the ASNE 
Council presents the Society’s Annual Award to Cadet L. R. 
Lomer, USCG. 


Rear Admiral E. H. Thiele, U.S.C.G., Engineer- 
in-Chief of the Coast Guard and a member of the 
Council presented the award in behalf of the So- 
ciety on 8 June 1960 at New London, Conn., to 


Cadet Lloyd Ralph Lomer, U.S.C.G. 


Cadet Lomer, who comes from Roslyn Harbor, New 
York, received the award for proficiency in Power 
Engineering in which he attained a grade of 98.15. 
Upon graduation, he was commissioned Ensign, 
US.C.G. 
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SECRETARY’S NOTES 


U. S. Merchant Marine Academy 


The American Society of Naval Engineers Award is pre- 
sented by Rear Admiral Schuyler Pyne, USN (EDO), Com- 
mander, New York Naval Shipyard, on behalf of the Ameri- 
can Society of Naval Engineers, to Cadet Raymond Mahr, Jr., 
(Engineer). 


On 22 July 1960 at Kings Point, Long Island, New 
York, Rear Admiral Schuyler N. Pyne, USN, Com- 
mander, New York Naval Shipyard and a Past- 
Council Member of the Society, presented the 
award to 


Engineer Cadet Raymond Mahr, Jr., USMS 


Cadet Mahr was selected for the award on account 
of his outstanding performance in Engineering sub- 
jects and his potential as a Marine Engineer. His 
home is Ridgefield Park, New Jersey. Upon grad- 
uation, he was commissioned Ensign, USNR. 


Assistant Secretary Treasurer 


On 17 June 1960, Commander C. N. Payne was 
transferred from the Bureau of Ships in Washing- 
ton to the staff of Commander, Aircraft Atlantic 
Fleet, stationed in Norfolk, Va. Commander 
Payne’s service as Assistant Secretary Treasurer 
was of short duration but it was noteworthy be- 
cause he handled all of the final stages of the Feb- 
ruary issue of the JouRNAL, much of the detail of 
the 1960 banquet and the final stage of the May 
JOURNAL because of absence of the Secretary Treas- 
urer. His early departure was expected and an 
excellent successor was found by the Council in 
time to be of some assistance to Commander Payne 
with the May Journat and to handle his share of 
this present issue by himself. The new Assistant 
Secretary Treasurer is Commander Joe W. Thorn- 
bury, USN. Commander Thornbury is on duty in 
the Bureau of Ships as head of the Electrical 
Branch and it is our hope that he will remain there 
for several years so that the Society can continue 
to claim his services. 


_. A 75,000-ton liner capable of making the North Atlantic run in less than 
five days has been recommended by a British Government Committee as 
the best replacement for the QUEEN MARY. 

The QUEEN ELIZABETH, the committee commented, may some day 
be replaced on the blue ribbon by a nuclear powered passenger ship. 

The committee, appointed by the British government in response to a 
request from the Cunard Line for aid in replacing the older Queen which 
made its maiden voyage in 1936, suggested that the government under- 
write up to $50,400,000 of the bill for the new ship which might cost up 


to $48,000,000. 


Such aid would be in the form of a 4.5 past loan to be paid back 


over a twenty-five year period during whic 


the government would have 


a firm financial hold on the ship and its earnings. 
Officials at Cunard Lines claim that passenger traffic across the North 
Atlantic will justify large ships like the Queens for another twenty years. 
The liner it envisions as a replacement for the MARY would be 900 feet 
long, have a service speed of 29.5 knots and a passenger capacity of 
2,270. The MARY is larger, at 81,000 gross tons, slightly longer and slow- 
er with about the same passenger capacity. 


Its sister ship the QUEEN ELIZABETH, launched in 1938, is not under 


consideration for replacement. 
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CAPTAIN JOHN ADRIAN HACK, U.S. NAVY 


CAPTAIN OSHAUGNESSYS OATH 


THE AUTHOR 


is a graduate of the U.S. Naval Academy in the class of 1935. After varied 
service in battleships, destroyers and submarines he received a post graduate 
education in Management Engineering at Rensselaer Polytechnic Institute. 
The author of numerous articles, he has served in ships of the Destroyer and 
Amphibious Forces in recent years, is a graduate of the Naval War College 
and was the first Director of the U.S. Navy Management School, a compon- 
ent part of the U.S. Naval Postgraduate School at Monterey, California. At 
present he is the Commanding Officer of the USS Navarro (APA 215). This 
is the seventh in a series of articles about Captain O’Shaughnessy published 
in the Journat. The first being “Management by Exception—the Navy Way” 
published in November 1951. 


Wix WAS HE a naval officer? If anyone had asked 
him that question twenty five years ago, young En- 
sign Michael Joseph O’Shaughnessy would have 
been ready with a thousand answers. Shipmates 
and civilian acquaintances alike would have been 
swept into his wake of enthusiasm ... . life was ex- 
citing, and it was satisfying. Mike was not the type 
of man who sought security. He had wanted to use 
his initiative and display his talents. The sight of 
the Midshipmen marching into Franklin Field in 
Philadelphia set his heart pounding. The first time 
he had seen the Fleet at sea was a thrill which could 
be compared only to the first time he had seen Eliz- 
abeth, at a Fleet Ball in San Francisco. To Ensign 
O’Shaughnessy the Navy was a symbol of every- 
thing fine. He had followed his vocation with the 
zeal of a minister or a priest. 

But through the years, without his perception, en- 
thusiasm had waned. Captain O’Shaughnessy was 
repected by everyone except himself. The day to 
day problems which he had faced, and solved, had 
slowly taken their toll and drained away his zest 
.... finally left him as he was tonight, old and tired, 


without a purpose. Mike was lost in a maze, like a 
ship at sea without a destination, a derelict caught 
in a storm. 

Sitting across the room from him, Elizabeth 
watched and knew that her Mike needed help. But 
what kind of help? Before she had known well 
enough to bring him back to earth. Her temper 
could flare and in innocent realism she could teach 
him the elements of Fleet Budgeting by flailing him 
with her household problems.* She could lure him 
to their romantic hideaway atop Point Loma and 
bring him back from his materialistic outlook to the 
realization that people are still decent, intelligent 
and responsible if only they are given guidance and 
faith.t But even Liz couldn’t help this time. The an- 
swer didn’t lie in a faith in people. There was a 
deeper problem which was breaking her heart. Liz 
lived for Mike . .. . she’d die for him. But she 
couldn’t break his silence. 


*See “Captain O’Shaughnessy—Is Your Budget —— 
JOURNAL OF THE AMERICAN Socrety or NAvAL ENGINEERS—May 1955. 

tSee “The Buoys and Reefs of Management”—JourNAL OF THE 
AmeRICAN Society oF NavaL EncIngers—February 1959. 
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There is an old saying in the Bible “That a little 
Child shall lead them”! This is the story of how 
Captain Michael Joseph O’Shaughnessy was led 
back to reality by a child, and found in the enthusi- 
astic innocence of her youth the answer he sought. 
She told him in her simple words why he was a 
naval officer, and reminded him of his responsibili- 
ties to a country whose ideals were still on trial, and 
were still as sacredly radical, as they had been in 
1776. 

Maureen was not their only child, but to Mike 
she was the special one. Every time she walked into 
a room his heart pounded, for he saw Liz again at 
seventeen. Her blue eyes sparkling, her red hair 
flaming, her personality attracted everyone around 
like a magnet gathering iron filings into congenial 
little groups. But at seventeen she didn’t walk, she 
bounced into rooms! Her interests, insofar as Mike 
could ascertain, were boys, clothes, dances and boys. 
At three she had brought a two year old blonde 
home by the hand, proudly announcing, “Daddy, 
look what I found, may I keep him?” At five she 
wasn’t content unless she had on a pretty, clean, 
dress every afternoon. At seven she danced ... . all 
over the house. And at seventeen she was perpetu- 
ally dressing up in pretty clothes to go dancing with 
the boys. Mike was sure she didn’t have a serious 
thought in her head, and envied her! 

“Daddy will you read this? The University wants 
a biography of my life, along with my application 
for entrance. Is this all right? Think it’s what they 
want? Gosh, how can I write the story of my life 
when I haven’t really lived yet?” 

O’Shaughnessy took her paper and read: 


My father is a naval officer. I must start with that state- 
ment because it has had so much effect upon my life and 
attitudes, I was born in Manila seventeen years ago. I have 
lived in so many places, that I honestly think my first 
memories were of moving. At first I hated to leave my 
playmates. I’m sure I cried the first time I had to. I re- 
member that we lived in a beautiful house in Honolulu, and 
I said I wouldn’t leave for I loved it so. One day, I think I 
was in the 6th grade, I read something on Daddy’s desk 
that started me to think. It was an oath he took when he 
became a naval officer and it was very official looking. I 
remember that it said “I wi!l defend the Constitution of the 
United States of America against all its enemies, foreign 
and domestic, so help me God.” I had thought that my 
Daddy was just working at a job, like other girls’ fathers. 
So I read the Declaration of Independence and the Consti- 
tution to see what it meant. Somehow, after that, my father 
seemed ever so more important to me, for he was devoting 
his life to the protection of ideas. I thought of the places I 
had lived and for the first time realized that although we 
had moved from Hawaii to Newport, to San Diego and to 
Washington, my mother, father and two boys and my- 
self always moved our home with us... . only the houses 
were different. I lost my fear of going from place to place, 
and began to realize that my friends would always be with 
me. I never said goodbye after that. I always said “until 
we meet again.” Being a daughter of a naval officer has 
taught me many things. Going from school to school has 
taught me to be self reliant and adaptable. Going from city 
to city has proven that people are wonderful everywhere. 
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Bui most important I have learned, as a Navy junior, that 
ideas and ideals are more important and more powerful 
than material things. A house is not a home. A land is not 
a country. I love God, I love people, I love the ideals for 
which my country stands and for which my father has de- 
voted his life. I hope someday to marry a naval officer, just 
as my mother did, so I too can teach my children these 
things. This is my life! 

All Mike could do was to give her a kiss, wipe a 
tear from his eye, and in a husky voice, choked with 
emotion say, “Maureen, I’ve never read a more 
beautiful life, nor has the Navy ever received such 
a sincere tribute! I’m sure that it is just what the 
University wants.” 

Captain O’Shaughnessy knew why he was a Na- 
val Officer! 

We live in a culture which is embodied in the 
words of the Declaration of Independence. “We hold 
these truths to be self evident, that all men are cre- 
ated equal, that they are endowed by their Creator 
with certain inalienable rights, that among these are 
Life, Liberty and the Pursuit of Happiness. That to 
secure these rights, Governments are instituted 
among men, deriving their just powers from the 
consent of the governed, that whenever any form of 
government becomes destructive to these ends, it is 
the right of the people to alter or abolish it.” 

These are the principles which Ensign O’Shaugh- 
nessy had sworn to defend with all the vigor of his 
youth and idealism. These are the ideas which 
formed the entire basis of Captain O’Shaughnessy’s 
life and gave meaning to his profession. More sim- 
ply stated, we and our founding fathers believe it is 
so evident that no proof is required, that all men, 
whatever their race, creed or nationality, are cre- 
ated by a God; given a spiritual equality and a kin- 
ship with their fellows; are blessed with certain tal- 
ents, beliefs and intellect; and have the freedom and 
the responsibility to use these for the purpose for 
which they were given. Governments and organiza- 
tions exist only to secure these rights. Leaders have 
a very real responsibility to use their power, mor- 
ally, to the end that these rights will be safeguarded, 
not trampled upon. 

That philosophy may sound radical. It was in 
1776. It is today! It may sound old fashioned! It is 
not. It may appear to be obscured at times by laws 
which regulate our daily lives. For example we 
have been regulated in our interstate commerce, in 
labor-management relations, and in questions re- 
lating to the procurement and operation of our 
weapons systems. The hard fact remains, that we 
live in, and believe in a system in which each ind- 
dividual decides what he will buy and what he will 
pay for it. Collectively we decide whether we shall 
have cars with chrome and fins or the compacts. We 
decide whether we shall ride from San Francisco to 
New York in jets or propeller planes, and what the 
maximum fare will be. We decide if we shall have 
nuclear weapons, aircraft carriers, Polaris subma- 
rines ... and how many we want... and what 
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price we are willing to pay for them. No matter 
what the illusion, no matter what we read or hear, 
we decide these things individually ...in the 
market place, through letters to our Congressmen 
and to newspapers, and in the most decisive way of 
all by marking an “X” on the appropriate place on 
a ballot. We live in a culture in which the indi- 
vidual consumer decides what he wants, and he 
gets it. He is regulated only by his voluntary acqui- 
escence, and on his own initiative. 

We in the military occupy a unique position in 
society. We are taxpayers and pay for our defense. 
We are voters and choose collectively what we 
want. We are consumers and decide what will be 
manufactured and what prices will be. Our choices 
regulate the growth and direction of industry, the 
laws of our country and the direction of our inter- 
national relations. 

We are also servants of the American people and 
have sworn to defend, with our lives and our tal- 
ents, the Constitution of the United States against 
its enemies. Our objectives have been clearly de- 
lineated. There is nothing vague in the preamble 
of the Constitution which sets them forth. 

“We the people of the United States, in order to 
form a more perfect union, establish justice, insure 
domestic tranquillity, provide for the common de- 
fense, promote the general welfare, and secure the 
blessings of liberty for ourselves and our posterity, 
do ordain and establish this Constitution.” 

To achieve these objectives, all of which can be 
generalized to mean the preservation of the eco- 
nomic and social welfare of the people, and the 
safeguarding of their liberties and concepts of jus- 
tice, our elected representatives from time to time 
have formulated national policies. At the present 
time we recognize these as being: 

The preservation of the integrity and influence of the 
United Nations. 

The Four Freedoms expressed in the Atlantic Charter. 


The Collective Security of the Free World. 
Economic Aid to Undeveloped countries and allies. 


It is of more than passing importance to realize that 
each of these is international in scope. We, as 
Americans, have fully accepted the concept that the 
principles we expressed in 1776 are world wide in 
application. 

Normally these policies are implemented through 
our State Department. Only when these normal 
means break down, so we need a military force to 
implement the self same policies by power, actual 
or potential. That is true in peace, in cold war or in 
limited and total war. At such times we rely upon 
military strategies of power application to further 
the national policies. We think of these in such 
terms as: 

Military Aid to Allies 

Deterrent Power 

Measured Application of Power. 

Such strategies are formulated in the Joint Chiefs 
of Staff and in the National Security Council. Ob- 


viously, the Navy as a partner in defense formu- 
lates a naval strategy which will blend with the 
overall. Detailed plans of execution must be formu- 
lated in Washington and in the Fleets. But plans 
are worthless unless there are forces in being which 
can be used to execute them. Weapons systems re- 
quire weapons, carriers, supplies and buildings. 
Most important of all they require the men who 
possess the skill, faith and courage to transform 
plans into action. 

As Naval Officers it is our paramount responsi- 
bility to determine what the nation actually needs 
. . . Ships, planes, missiles, guns, supplies, buildings 
and men .. . to protect us against the capabilities 
of a potential enemy. But we must be very careful 
to differentiate between what the Navy needs to 
protect the country by itself, and what the country 
as a whole needs considering all the partners in 
defense. We must always remember our ultimate 
objectives. 

As American citizens we help to determine what 
resources we are willing to allocate to our defense. 
This is done through our elected Congressmen who 
determine what percentage of the gross national 
product can be allocated to the armed services in 
general, and to the Navy in particular. Naval Offi- 
cers can only advise how large our defenses should 
be. As citizens we help to determine how large they 
will be. The dollars allocated to us in a budget be- 
come our assets. 

Thereafter naval officers are, in a very real sense, 
like other businessmen who operate in the free en- 
terprise system. We literally barter our assets in 
the open market place, and bid for men, materials 
and facilities, then blend them together into wea- 
pons systems... ships, planes, missiles, logistic 
support installations and operating personnel. At 
the end of the cycle our assets should be more val- 
uable than they were in the beginning. Mr. Ford 
goes through the same process, if one substitutes 
the words “Ford, Lincoln, and Mercury” for “Ships, 
planes and missiles.” We must produce the maxi- 
mum defense our original assets will allow us to 
provide, and do it with the least disruption of our 
economic and social system and of the individual 
liberties and concepts of justice which we are de- 
fending. It is not enough that we be skilled tac- 
ticians. We must be professional managers in a very 
real sense, and must above all believe in our cul- 
tural principles, and demonstrate by our actions 
that we cherish them with all our hearts and souls. 

What caused Captain O’Shaughnessy to become 
morose? He had lost his perspective. He had for- 
gotten the ideas which he had sworn to defend. The 
very things which he had viewed as problems, or 
policies which he had fought in a warped enthusi- 
asm for the solution of the moment, were matters 
he had sworn to promote. 

Captain O’Shaughnessy many times had forgotten 
that he must promote the general economic welfare 
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of the nation by his business practices. For exam- 
ple he must procure from small business, place con- 
tracts in areas of unemployment, broaden the base 
of the economy by broadening the market place 
geographically, and help to promote entire new in- 
dustries. 

He had forgotten that one of his responsibilities 
was to promote the general welfare of our people. 
Too often he had assisted in holding back a devel- 
opment from them, long after it had ceased to be an 
exclusively military requirement. We in the mili- 
tary have given the public jet aircraft for commer- 
cial airlines, atomic power for public utilities, new 
medicines for our hospitals, for example. 

He had forgotten at times to remember that he 
had sworn to establish justice according to the tra- 
ditions of our nation, and to safeguard the rights of 
Life, Liberty and the Pursuit of Happiness. He had 
resisted new Codes of Military Justice in the delu- 
sion that he inherently had power and authority, 
forgetting from whence it had come. He had for- 
gotten sometimes that organizations must create an 
environment in which people may state their be- 
liefs without fear of reprisal, and in which men are 
encouraged to use their talents and preserve their 
individual initiative. He had forgotten that since 
power is derived from the governed he must always 
use it in such a manner that it is evident that loy- 
alty flows downward. He had forgotten that leader- 
ship is a way of life, not a training program. 

And finally he had forgotten that though we must 
expend what resources are required to defend our 
ideals, we must be very careful the manner in 
which this may be done. Sacrifice must be a volun- 
tary act expressed as the will of the people. We 
cannot defend what we do not enthusiastically be- 
lieve. Faith is paramount! 

These are difficult concepts admittedly. Never- 
theless they are sacred ones. How much we do, as 
American citizens, value the ideas for which we 
have sworn to give our lives as naval officers. Per- 


haps these questions can help us evaluate our faith. 

At the present time we allocate, by our free 
choice, about ten percent of the gross national 
product, or $40 billion dollars to the defense of our 
country. The sacrifices we are called upon to make 
are negligible. 

During the Korean War we allocated about 14.5 
percent of our gross national product to our de- 
fense, or in comparable terms about $58 billion dol- 
lars a year. We remember the very small privations 
we accepted willingly. 

The Russians, in recent years, have directed 
about 24 percent of their gross national product to 
her military effort. In comparable terms that would 
be about $100 billion dollars a year, if the United 
States did likewise. We know full well that the 
Russian people have not chosen to sacrifice liberty 
for security. They are not blessed with the freedom 
of choice. 

During World War II, the American public will- 
ingly sacrificed both liberties and pleasures, so that 
at the peak 45 percent of all goods and services 
were for the military, or in terms of today almost 
$200 billion dollars a year. 

We know, for we are professionals, how much 
our military effort should be. The question is, how 
much as naval officers do we believe in and value 
those things we defend? Certainly no one will listen 
to us if our example is not without fault. 

As Naval Officers we must love and cherish the 
principles expressed in the Declaration of Inde- 
pendence and in the Constitution. If we place ma- 
teralism first . . . if we seek security above all else 
. . . if we do not sacrifice willingly . . . if ours is 
not a vocation but instead just a job... then we 
are indeed our own enemies against whom we 
swore to defend. 

Life is a challenge again to Captain O’Shaughn- 
essy. Maureen could not respect him otherwise. 

How much do you cherish your beliefs? 


The Russians claim to have developed a process by which steel can be 
fabricated to resist the "fantastic" loads of nearly two million pounds per 
square inch, reveals Chemical Engineering. Soviet scientists report that 
the process "succeeds in moving atoms of matter so close together" that 
virtually no space exists between them. 


—from TECH ENGINEERING NEWS 
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RELATIVITY 


AND THE MECHANICAL ENGINEER 
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5 toi THEORY of relativity, developed principally by 
Einstein early in the twentieth century, has: only 
recently become of more than academic interest to 
mechanical engineers. The science and practice of 
mechanical engineering frequently involve the New- 
tonian concepts that mass is a fundamental constant 
for a given body, that force equals mass times accel- 
eration, that kinetic energy equals half the mass 
times its velocity squared, and that time passes at 
the same rate everywhere. Einstein’s relativity, now 
well reinforced by experimental evidence, shows all 
these concepts to be only approximations that are 
good for ordinary situations in mechanical engineer- 
ing, but which can be grossly in error when the 
velocities involved are extremely great. 


HIGH VELOCITIES IN ENGINEERING 

The tremendous velocities that call for the engi- 
neer to consider relativity occur in two principal 
fields, the motion of subatomic particles such as 
electrons, and the motion of space vehicles of the 
future. These fields have recently become of interest 
to mechanical engineers. 

While research with subatomic particles is pri- 
marily the domain of the physicist, the necessary 
“particle accelerators” such as “cosmo ” have 
become so huge that their design is largely a me- 


chanical engineering problem, and some under- 
standing of the behavior of the high-speed particles 
becomes important to the mechanical designer. 
Betatrons and Van de Graeff generators, which ac- 
celerate electrons far into the region where relativity 
becomes important, have become engineering pro- 
duction tools as sources of extremely penetrating 
x rays for the radiography of thick metal parts. 

The second field, space travel, involves many 
doctrines including mechanical engineering. Nuclear 
or ionic propulsion of space vehicles involves high- 
velocity particles, and it is presumed that eventually 
space vehicles themselves will travel at velocities 
that will introduce significant relativistic effects. 
The design of space vehicles, their propulsion, and 
their planned usage are all matters of professional 
interest to engineers. 


BASIC CONCEPT OF RELATIVITY 

The fundamental idea of relativity has been stated 
by Einstein as follows: “The laws of physics must 
be of such a nature that they apply to systems of 
reference in any kind of motion.”! This means that 
only the motion of any given body relative to other 
bodies in the universe has any basic significance, 
and that there is no real meaning to the term 
“absolute motion” because nothing in the universe 
is known to be stationary. Newton’s well-known 
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laws, which are based on the concept of absolute 
motion, are found to be only good approximations 
at best, accurate though they may be for most engi- 
neering situations. 


VERIFICATIONS OF RELATIVITY THEORY 


The limitations of the present discussion do not 
permit delving far into the actual theory of relativ- 
ity. Rather, emphasis herein is placed on the signifi- 
cant differences in the behavior of physical systems, 
as predicted by relativity and by Newtonian theory, 
respectively. 

Most of the experimental verification of relativity 
has been astronomical, beginning in 1919 with ob- 
servation (during an eclipse) of Einstein’s prediction 
that starlight grazing the edge of the sun should 
be bent through 1.75 seconds of angle by the sun’s 
gravitation.? Relativity theory also provided the 
explanation’ for a previously observed but unex- 
plained slow rotation of the orbit of the planet 
Mercury (in addition to the rotation known to be 
caused by other planets). Of more interest to the 
engineer are the relativity predictions that the 
velocity of one body or particle relative to another 
can never exceed the velocity of light in a vacuum, 
and that the mass of any given body or particle 
increases toward infinity as its velocity approaches 
that of light. Thus the mass of a body is not a 
constant property, as Newton thought it must be. 
This fact, in the case of electrons, protons, and other 
particles, has become a common observation by 
physicists, and a key factor in the design of particle 
accelerators such as betatrons and cyclotrons. It may 
some day have a bearing on the behavior of ultra- 
highspeed space vehicles. 

The relativistic variation of mass with velocity is 


m = m,/[1 — v*/c*]% (1) 


where m is the “relativistic” mass of the body in 
motion, m, is its mass at rest, c is the velocity of 
light in a vacuum, and v is the velocity of the body 
(relative to the observer). Thus, when a particle in 
an accelerator reaches nine tenths the velocity of 
light (as commonly occurs), its mass becomes more 
than twice its mass when at rest. If the accelerating 
force is maintained constant, the acceleration be- 
comes less and less, approaching zero as the velocity 
approaches that of light. Accordingly, no amount or 
duration of rocket thrust could cause a space-ship 
to go quite as fast as light. 


VELOCITY ADDITION 

If no amount of thrust could accelerate a rocket 
to or beyond the speed of light, why might not a 
rocket be accelerated to say nine tenths the speed 
of light, and then let it fire forward another rocket 
at half the speed of light relative to the first rocket? 
Strangely enough, relativity shows that, even then, 
the second rocket would not exceed the speed of 
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light. The mechanical engineer is used to the simple 
vector addition of velocities in such cases, but at 
extremely high speeds this vector addition is not 
strictly correct. Relativity shows that the velocity 
of the second rocket, relative to the observer, is 
given by the expression, (v, + v-)/(1-+ v,v,/c*), 
where v, is the velocity of the first rocket relative 
to the observer, v, is the velocity of the second 
rocket relative to the first, and c is the speed of 
light. This expression shows the final speed of the 
second rocket to be only 97 per cent of the speed 
of light. 


KINETIC ENERGY 


Probably the most publicized equation of Ein- 
stein’s relativity is: 


E = me* (2) 


where E is the total energy in a body, ™ is its rela- 
tivistic mass, and c is the speed of light in a vacuum. 
For a body in motion, if the mass m is written in 
terms of the “rest mass” m, Equation (2) becomes 
(by binomial expansion) : 


E = m,?/[1— v*/c*]% = m,? +4%2m,? 


m,v*? (v/c)* +..... (3) 


The m,c’ term in this last expression is the “atomic 
energy” in the mass when it is at rest. It can be 
seen that the second term, 4m,v’, is the engineer- 
ing expression for kinetic energy, whereas the ex- 
pression shows that the kinetic energy actually in- 
cludes additional terms that are negligibly small 
at ordinary velocities but not when the velocity 
approaches that of light. 


ACCELERATION FORCE 


Another consequence of the variation of mass 
with velocity is the fact that the engineering expres- 
sion, that force equals mass times acceleration, is 
only an approximation that is accurate at ordinary 
velocities. Relativity shows that actually there must 
be an additional force component that is appreciable 
only at very high velocities, to take into account the 
changing mass as the speed changes.‘ 


PASSAGE OF TIME 


Still another aspect of relativity is the fact, hard 
for most engineers to believe but almost universally 
accepted by physicists today, that time passes at 
different rates on bodies moving at different veloc- 
ities relative to the so-called “fixed stars.”* Tre- 
mendous velocities are required before this time 
effect should become significant, but subatomic par- 
ticles of today and the probable space vehicles of 
the future involve such velocities. 

This situation has been publicized principally with 
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regard to the so-called “clock paradox” or “twin 
paradox” of space travel.® If one of twin residents of 
the earth were to take an ultrahigh-speed space 
journey to the nearest star and back, it is now pretty 
well agreed (but not quite universally) that upon 
his return he would be “younger” than the twin 
who stayed home. That is, his clock would have 
indicated less elapsed time, his heart would have 
beat fewer times, and he would have more years 
of life expectancy left. If the traveling twin had 
gone near enough to the speed of light, for what 
seemed to him to be a year, he might return to 
find that a thousand years had elapsed on earth. 
However, it is to be emphasized that this time- 
slowing effect would not cause the traveling twin 
to think that he was living any longer or slower 
than he would on earth. 

If man should ever become able to build a space- 
ship that can closely approach the speed of light, 
there is fundamentally no limit to the distance that 
it could traverse within say a year of the passengers’ 
lives. If a given star is a thousand light-years from 
the earth, it would indeed take more than two thou- 
sand years of earth-time for such a space-ship to 
travel to that star and back. However, in the slowed- 
down time scale of space-ship passengers, the round 
trip might take less than a year. 

The time-slowing effect of high velocity has been 
checked in the case of moving radioactive subatomic 
“mesons,” whose rate of radioactive decay has been 
observed to vary with velocity in accordance with 
the time-slowing predicted by relativity theory,’ but 
this subatomic behavior may not be convincing to 
the engineer concerned with future space-ships. 


CENTRIFUGAL FORCE 


The foregoing discussion has noted some of the 
consequences of the theory of relativity that can be 
involved in the present or future work of men in the 
mechanical-engineering profession. There are other 
aspects of relativity which, while not actually af- 
fecting the designs or decisions of the engineer, do 
have a bearing on some of the concepts that he 
utilizes. For example, consider a flywheel which 
bursts from excessive speed. The mechanical engi- 
neer ascribes this failure to centrifugal force, which 
is an inertia force associated with the radial accel- 
eration of the flywheel rim. However, since rela- 
tivity says that only relative motion is significant, 
it should be possible to assume that the flywheel is 
motionless and that the rest of the universe is re- 
volving around it. But then what could cause the 
wheel to burst? 

Einstein® and others? have shown that what we 
call centrifugal force is basically a gravitational 
effect caused by the relative acceleration of the 
given body and the surrounding bodies. Thus it 
makes no difference whether we consider the fly- 
wheel stationary, or neither, so long as the relative 
motion is properly considered. 


The significant “surrounding bodies,” strangely 
enough, are not nearby masses or the earth itself, 
but the combined total of distant stars, whose tre- 
mendous mass makes up for their great distance 
away. Relativistic calculations of the gravitational 
effects of the distant stars on the rotating flywheel 
show close agreement with the centrifugal forces as 
calculated by the conventional engineering formulas, 
for rotational speeds within the limits of engineering 
situations, Even a small hollow body, rotating rapid- 
ly, creates within itself a radial gravitational “cen- 
trifugal field” that would tend to burst a small 
stationary flywheel placed in this field, but the 
field would be too weak for its presence to be 
detected by any currently available means.* 


CORIOLIS FORCE 


If a man stands still on a rotating horizontal disk, 
such as a merry-go-round, he notices that centrifu- 
gal force tends to make him fall outward. If he 
walks along a radius of the disk, he notices also a 
tendency to fall sidewise, and it is sometimes said 
that a “Coriolis force” is acting on him. 

This Coriolis force is an inertia force much like 
centrifugal force, except that it results from the 
man’s tangential acceleration as he changes his 
radius from the center of the disk. Relativity ex- 
plains the Coriolis force in much the same way as 
centrifugal force. Any rotating hollow body creates 
within itself a “Coriolis field” (as well as a centrifu- 
gal field), which would tend to deflect tangentially 
any radially moving mass contained within the 
hollow body.* Correspondingly, the mass of the 
distant stars has a Coriolis effect on the man walk- 
ing radially on the rotating disk. 


INERTIA FORCE 


Centrifugal and Coriolis forces are just two types 
of inertia force which relativity shows to be basic- 
ally gravitational phenomena. Inertia in general, 
according to relativity, is one and the same as gravi- 
tation. If a man is in a closed room, he cannot tell 
whether the room is at rest on earth, or whether 
it is traveling through outer space with a vertical 
acceleration of 32 ft. per sec. squared (relative to 
the fixed stars). Any experiment that he might 
conduct within the room would behave the same 
in either case. 

For any given body, its weight is a measure of 
gravitation and its mass is a measure of inertia. 
There is no obvious relationship of mass to weight. 
Then, for several bodies at the same location on 
earth, why should their respective masses and 
weights be in the same proportion? Newton noted 
the proportionality of mass to weight, but expressed 
wonder at why it was so. Einstein, in his theory of 
relativity, showed that mass must be proportional to 
weight (at a given location), since he found that 
inertia and gravitation are fundamentally equivalent. 
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RELATIVITY 


MECHANICAL ENGINEERING 


ABSTRACT CONCEPTS OF RELATIVITY 


Finally, it may be well to mention some of the 
more abstract concepts of relativity that are par- 
ticularly difficult to visualize, but which are essen- 
tial to any real understanding of the theory. While 
the engineer likes to think of space as three-dimen- 
sional, relativity shows that it should be considered 
as a four-dimensional “space-time” that is impos- 
sible for most persons to visualize. The universe is 
finite in size but is unbounded, as is the surface of 
any sphere. Each mass in the universe causes the 
space around it to be “curved,” and it is this curva- 
ture of space that accounts for gravitation.’® 

The velocity of light is the same relative to any- 
thing that it strikes, regardless of the speed of the 
light source or of its target. This phenomenon can 
be ascribed to the fact that, in the four-dimensional 
geometry of the universe, light has effectively in- 
finite velocity,": which would thus be infinite rela- 
tive to any target not having infinite velocity itself. 

Lastly, it is to be noted that gravitation, as well 
as velocity, affects the rate of passage of time, so 
that a man on a mountain top lives a little faster 
than a man at sea level. 


CONCLUSION 


The present article has endeavored to point out 
some aspects of the theory of relativity that are or 


will eventually be of real concern to the mechanical 
engineer, as well as some of the relativistic concepts 
that may affect the thinking of the engineer if not 
his actions. A little study of relativity by the me- 
chanical engineer, besides offering some mental di- 
version, may well serve to broaden his outlook on the 
more mundane but no less difficult technical prob- 
lems encountered in his profession. 
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In the report for 1959 of Lloyd's Register of Shipping, the Chairman, 
Mr. Kenneth R. Pelly, M.C., points out that it is far more than an annual 
report, for it records the completion by the society of two centuries of 


service to shipping. 


Shipowners, shipbuilders and marine insurance companies all over the 
world will join in congratulating Lloyd's Register of Shipping on the at- 
tainment of its bi-centenary. A history of the society has been written by 
Mr. George Blake, and the Chairman has stated that this will be distrib- 
uted throughout the world. Founded in 1760 and reconstituted in 1834, 
the society was established “for the purpose of obtaining for the use of 
merchants, shipowners and underwriters a faithful and accurate classifi- 
cation of mercantile shipping."' From a small beginning, it has risen to an 
organization employing |,000 surveyors and many hundreds of non-tech- 
nical staff doing work for the merchant navies of the world and many im- 


portant functions on land. 


The society has an unusual, if not unique, constitution: there is no cap- 
ital, no Articles of Association, no shareholders, no one to whom to pay 
dividends. Any surplus is retained to maintain the world-wide service 


which must be available to the shipping indust 


at all times. Such is the 


constitution of this 200-year old international organization, known as 
Lloyd's Register of Shipping, with its world-renowned designation of a 
ship "100 A.1,"' which has become part of our language, signifying re- 


liability and high quality. 


—from THE SHIPBUILDER AND MARINE ENGINE-BUILDER 


May 1960 
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ABSTRACT 


The concept of the effect of temperature and temperature gradients in de- 
veloping thermal stresses and strains is presented and discussed. Equations 
for the general case are developed and applied to the specific case of the cir- 
cular cylinder (pipe). Temperature and thermal stress distributions for four 
different potential nuclear fuel elements are pictured and compared. Some 
conclusions of practical significance are drawn from this comparison. 


INTRODUCTION 


Au STRUCTURES and machine components may be 
subjected to unavoidable changes in temperature or 
to temperature gradients, for example, hot fluid 
flowing inside a pipe exposed to a relatively cool 
external environment. In many cases, the tempera- 
ture variations or temperature gradients may be 
rather large in magnitude. Experience tells us that 
an increase in temperature tends to produce expan- 
sion and a decrease in temperature tends to produce 
contraction in common materials. Whenever ex- 


pansion or contraction due to a temperature differ- 
ential is inhibited or prevented, stresses and 
strains,* called thermal stresses and strains, are 
developed. 

It is convenient to think of these thermal stresses 
and strains occurring under two different sets of 
circumstances: (1) The geometry of the component 
and the temperature conditions are such that there 
would be no stresses except for constraint by ex- 
ternal forces. In such cases, stresses may be found 


caused by ex 
loading. Strain is the intensity of deformation (in/in). 
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strain components (radial, tangential, axial, respectively) in cylindrical coordinates, 


normal stress components (radial, tangential, axial, respectively) in cylindrical co- 


NOMENCLATURE 
a = linear coefficient of thermal expansion, °F-1 
fx, £y,€, = Strain components in rectangular coordinates, in/in 
Er, £9, €, = 
in/in. 
p. = Poisson’s ratio 
0x, 7y,¢, = normal stress components in rectangular coordinates, psi 
9, = 
ordinates, psi 
r = radius, in 
u = radial deflection, in 
E = modulus of elasticity (Young’s Modulus), psi 
T = temperature above an arbitrary uniform base temperature, °F 


by determining the shape and dimensions the body 
would assume if unconstrained and then calculating 
the stresses produced by forcing the body to fit the 
given system of constraints. One example is a solid 
body of any geometry, subjected to a uniform tem- 
perature increase throughout the body while being 
held to the original form and volume. (2) The ge- 
ometry of the body and the temperature conditions 
are such that stresses are produced in the absence 
of external constraints solely because of the incom- 
patibility of the natural expansions or contractions 
of different parts of the body. One example is a 
hollow cylinder (pipe) with a thick wall and a tem- 
perature gradient from one surface to the other. 

In elastic materials, we normally think of stress 
being proportional to strain with Young’s Modulus 
of Elasticity as the proportionality constant. Therm- 
al stresses and thermal strains, however, are not 
necessarily proportional to each other since one can 
exist without the other. For example, if a cube of 
material is completely unrestrained and undergoes 
a uniform difference in temperature, there is a 
change in dimensions which means there is strain 
with no accompanying stress. On the other hand, if 
the same cube is prohibited from any dimensional 
change while undergoing the uniform temperature 
change, there is stress without any strain. 


GENERAL CASE 

Consider a differential element at a point (Figure 
1) in a body in which the temperature varies con- 
tinuously in some fashion from point to point. If 
the differential element is unrestrained and thus 
can expand freely, and if T denotes its temperature 
(above an arbitrary uniform base temperature), 
then the strain components due to temperature only 
are: 


e,=ey=e,=aT 


In order to satisfy the requirements of strain 
compatibility (References 1, 2, 3) without produc- 
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Figure 1. Differential Elemental Volume at a Point in a 
Body. 


ing thermal stress, it is necessary that T be constant 
(both Case 1 and 2 above) or a linear function 
(Case 1 above) of the coordinates. This condition 
is not necessarily obvious but can be demonstrated. 
In the general case, however, this limitation on 
temperature variation will not be fulfilled so that 
thermal stresses will be produced by the internal 
adjustments of the body which are necessary to 
fulfill the requirements of strain compatibility. Un- 
der these conditions, the equations for strain are: 


glow 


(o,+0,)]+aT > 


]+aT 


4 


Solution of these equations for stress gives: 
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E[e,(1—) +u(e,+e,)] Rewriting Equation Set I (which satisfies strain 
(1+2) (i—2n) compatibility) in cylindrical coordinates gives: 
(14+ ,) (1—2,) 1—2y Yr E 


The above stress equations can be interpreted as 
a superposition of a hydrostatic (triaxial) “pres- 


sure” of (which implies a triaxial compres- 


Ea 
1—2u 
sive stress of the same magnitude) on the stresses 
produced by body (eg., gravitational, magnetic, 
inertial, etc.) and surface (eg., hydrostatic pres- 
sure) forces. It should be emphasized that this 
“pressure” is not constant but will vary from point 
to point. 

It should be noted that the qualitative aspect of 
the above discussion implies that the material in 
the body is homogeneous and elastic. The specific 
terms in the equations further imply that the ma- 
terial is isotropic and that the modulus of elasticity, 
Poisson’s ratio, and the linear coefficient of thermal 
expansion are independent of temperature over the 
range in question. All of these assumptions are 
normally made in dealing with thermal stress prob- 
lems, at least for first approximations. 


LONG CIRCULAR CYLINDER 


As a specific example of some practical signifi- 
cance, let us consider the long circular cylinder 
(e.g., a pipe). In addition to the assumptions stated 
above, we assume that the temperature is radially 
symmetric and independent of location along the 
axis. We further assume there are no body or sur- 
face forces acting. If we visualize a thin disk cut 
from the cylinder, we would expect the axial strain 
to vary with radius, being a maximum at the hot- 
test radius and a minimum at the coldest radius. If 
the cylinder is visualized as a series of such disks, 
each one integrally bonded to its neighbors, such a 
strain distribution is impossible since maintaining 
cylindrical geometry would require that plane sec- 
tions normal to the axis remain plane. This is 
equivalent to saying that axial strain must be con- 
stant, i.e., independent of the radius, and that axial 
stress, o,, must vary with radius to maintain con- 
stant axial strain. This condition will be fulfilled in 
an unrestrained cylinder at any axial location far- 
ther than about 1 to 2 diameters from the ends. 

In this case, as in any other, it is necessary to 
fulfill the requirements of force equilibrium and 
strain compatibility. Radial equilibrium is main- 
tained if 
Rewriting Equation Set I (which satisfies strain 
compatibility) in cylindrical coordinates gives: 


Combination of Equations III and IV reduces to the 
single equation: 


Integration of this equation followed by substitu- 
tion into Equations II and IV gives the stress 
equations: 


Ea 
rTdr+C,-+ — 
or sind 
Ex EaT 
== 
Ee,+2uC,— 


in which the lower limit of integration, a, is any 
convenient arbitrary value, e.g., zero for a solid cyl- 
inder or r; for a hollow cylinder. 

The stress equations contain three constants, C,, 
C., and e, which must be evaluated from the boun- 
dary conditions. For the specific case of a hollow 
cylinder, subjected only to thermal gradients and 
no surface or body forces, the boundary conditions 
are: 

1) @r=r,, o,=O 

2) @r=r,, o,=O 

3) S,xo,dA=O 
The third condition comes from the necessity of 
having axial equilibrium. 

Solution for these constants followed by substitu- 
tion in Equation Set VI gives the stress equations 
for an unrestrained hollow cylinder with radially 
symmetric temperature. 


r*(r,7—r,*) Jy 


Ea 2 
|G T | 


_The corresponding stress equations for a solid 
cylinder can be obtained by using the applicable 
boundary conditions in place of Equation Set VII. 
The same equations can be obtained much more 
easily by simply replacing r; by zero in Equation 
Set VIII. Evaluation of the stresses, however, can 
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not be accomplished until the temperature distri- 
bution is known. 

As an example of application of these stresses, 
consider the case of a pipe carrying hot fluid on the 
inside with no heat generated in the cylinder wall. 
The temperature distribution equation for this case 
is 

T-T, _ Inr,/r 


If we apply Equation Set IX to Equation Set VIII 
for the case of a thick-walled pipe which has an 
outside radius three times as great as the inside 
radius, we find that the temperature and thermal 
stress distributions are those shown in Figure 2. 
It should be recognized that if the ratio of out- 
side to inside radius changes, the magnitude of the 
thermal stresses will change but the general shape 
of the curves will be similar to those in Figure 2. 
In every case of a hollow cylinder (pipe) , composed 
of only one homogeneous material, the tangential 
and axial thermal stresses are equal at the inside 
radius and at the outside radius regardless of the 
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Figure 2, Temperature and Thermal Stress Distribution in 
a Pipe with no Heat Generation in the Wall. Outside Ra- 
dius = 3 X Inside Radius, 
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specific temperature distribution. If the uniform 
base temperature is changed in such a pipe, there 
will be no change in the stress distribution or mag- 
nitudes. If the hollow cylinder is composed of two 
or more annuli, each of different materials and in- 
tegrally bonded to the adjoining annuli, a change in 
uniform base temperature will change the stress 
distributions and magnitudes. 

The stress distributions in Figure 2 also illustrate 
a very general point, namely, that the greatest com- 
pressive stresses normally occur in the relatively 
hottest region and the greatest tensile stresses nor- 
mally occur in the relatively coldest region. 


FUEL ELEMENTS FOR NUCLEAR REACTORS 


Fuel elements in stationary-fuel nuclear reactors 
consist of nuclear fuel, either metallic or ceramic, 
in any one of several geometric configurations, clad 
or sheathed with a metal which provides contain- 
ment of fission products and protects the fuel from 
corrosion by the coolant. The most common nuclear 
fuel elements are cylindrical, flat plate, or varia- 
tions of these. Comparison of the thermal stresses 
developed in various geometries adds to under- 
standing and is useful for analysis or design. 


TasLe I—Physical Properties of Materials 


__Fuel___ Cladding 
Thermal conductivity, k, BTU/hr-ft-°F . 17 10 
Modulus of elasticity, E, Ib/in® .......... 25 X 10° 12 X 10° 


Coefficient of thermal expansion, a, .15 X 10° 3.5 10° 


In making comparisons of some simple fuel ele- 
ment configurations, all assumptions made above 
apply with an additional assumption of integral 
bonding between fuel and cladding. The physical 
properties of fuel and cladding used for this com- 
parison are given in Table I. In all cases, a constant 
heat generation rate of 50,000 BTU/hr-in’ is as- 
sumed in the fuel with no heat generation in the 
cladding. It is assumed that the elements remain 
within the elastic range regardless of the magni- 
tude of stress calculated and are unstressed at the 
uniform base temperature. All cases are discussed 
on a one-dimensional basis, i.e., temperature and 
stresses are functions of radius in cylindrical ele- 
ments or location in the thickness in flat plate 
elements. 

Case I 

Consider a cylindrical element (Figure 3) in 
which the fuel is a solid cylinder (r;=0) rather 
than an annulus. Equations for the stresses devel- 
oped are given in Reference 4. Assuming an inter- 
face radius (r.) of 0.134 in. with a cladding thick- 
ness of 0.020 in., the outside radius (r,) is 0.154 in. 
The temperature and stress distributions for this 
element under the above assumptions are given in 


Figure 4. 
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Figure 3. Section of Clad Cylindrical Fuel Element. 
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Case II 

Consider a cylindrical element (Figure 3) with 
fuel in the form of an annulus. Equations for the 
stresses are given in Reference 4. Using the same 
quantity of fuel as in Case I with an inside radius 
(r;) of 0.120 in., the interface radius (r.) is 0.180 
in. Using the same cladding thickness of 0.020 in., 
the outside radius (r,) is 0.200 in. The temperature 
and stress distributions for this element are shown 
in Figure 5. 


Case III 


Consider a cylindrical element (Figure 6) with 
annular fuel clad on the inside and outside. Equa- 
tions for the stresses are given in Reference 5. If 
the same fuel annulus is used as in Case II, the in- 
side radius (r,) is 0.100 in., the inner interface ra- 
dius (r,) is 0.120 in., the outer interface radius (r.) 
is 0.180 in., and the outer radius (r,) is 0.200. As- 
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Figure 4, Thermal Stress Distribution in Clad Selid Cylin- 
drical Fuel Element. 


suming the same surface temperature at the inside 
and outside radii, the temperature and stress distri- 
butions for this element are given in Figure 7. 


Case IV 

Consider a flat plate element (Figure 8). Equa- 
tions for the stresses are given in Reference 6. If we 
take a fuel zone which is 0.060 in. thick with 0.020 
in. thick cladding on each side, we have an ele- 
ment which is essentially the same as Case III ex- 
cept in the form of a flat plate rather than a cylin- 
der. If we assume the same surface temperature on 
both sides of the element, the temperature and 
stress distributions are those shown in Figure 9. 


Comparison of Cases 

If we compare Case I and II, we note that the 
only difference between the two elements is that 
the fuel is a solid cylinder in Case I and an annu- 
lus in Case II. This means, of course, a somewhat 
larger diameter for the element: im Case II. A com- 
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Annular Fuel Element. 
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Figure 6. Section of Clad Cylindrical Fuel Element. 
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Figure 7. Thermal Stress Distribution in an Internally 
and Externally Clad Annular Fuel Element. 
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Figure 8. Section of Clad Flat Fuel Plate. 
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Figure 9. Thermal Stress Distribution in Clad Flat Plate 
Fuel Element. 


parison of temperatures indicates a maximum tem- 
perature in Case II about one-half that in Case I. 
The use of the annulus reduces the radial stress at 
the inside radius to zero. The compressive tangen- 
tial stress and the compressive axial stress at the 
inside radius are reduced to about 75 percent and 
40 percent, respectively, of those at the center line 
in the solid fuel cylinder. At the outside radius, 
both the tangential and axial stresses (tensile) in 
Case II are reduced to about 60 percent of those in 
Case I. In other words, the simple change from a 
solid fuel region to a hollow one produces an ap- 
preciable decrease in temperature and thermal 
stress magnitudes for the same heat output and 
surface temperature. The corollary is that, for the 
same allowable stress, the hollow element of Case 
II can produce more heat than the solid fuel ele- 
ment of Case I. 

Comparing Case III (with cooling at both the in- 
side and outside surfaces) with Case II (with cool- 
ing at the outside surface only) we would expect an 
appreciable decrease in maximum temperature and 
stresses. We find that the maximum temperature in 
Case III is decreased to about one-half that in Case 
II. The maximum compressive tangential and axial 
stresses for Case III are about 65 and 60 percent, 
respectively, of those for Case II. The maximum 
tensile tangential and axial stresses for Case III are 
about 45 and 50 percent, respectively, of those for 
Case II. 

Comparing Case IV with Case III, we find small 


decreases in temperature and stress magnitudes in 
going from the annular to the flat plate element. We 
find that stresses in the flat plate which are equiva- 
lent to the tangential and axial stresses in the an- 
nulus become indistinguishable and that there is no 
stress in the flat plate equivalent to the radial 
stress in the annulus. 


Some Practical Considerations 


In calculating the stresses developed in the above 
four cases, “limitless” elasticity was assumed. This 
assumption may often be questionable, as, for ex- 
ample, in Case I. In this instance, magnitudes of the 
calculated stresses may well be greater than the 
yield strength or the permissible creep strength at 
elevated temperature. In order to avoid excessive 
stresses and resultant dimensional changes (or 
even failure) in the element, the alternatives are 
reduction of the heat generation rate or use of other 
configurations. 

In all four cases discussed above, the tempera- 
ture distributions shown are based on an increment 
above a uniform base temperature which was ar- 
bitrarily taken as that of the outside surfaee of the 
cladding. The stress distributions shown are based 
on the assumption of zero initial thermal stress at 
the uniform base temperature. In the case of a body 
composed entirely of one material, or a body com- 
posed of two or more materials having the same 
moduli of elasticity, Poisson’s ratios, and thermal 
coefficients of expansion, this assumption would be 
justified. If any one material in the composite body 
has one or more of these three properties different 
from those of the other materials, then there can 
be appreciable thermal stresses in the body at the 
uniform base temperature. In a fuel element, for 
example, the properties of the cladding may be ap- 
preciably different from those of the fuel and there- 
by introduce rather large initial thermal stresses. 
These initial stresses may add to (or subtract from) 
the thermal stresses developed by the temperature 
gradient depending on the relative magnitudes of 
the physical properties of the two materials. For 
example, if the fuel and cladding differ in physical 
properties only in that the fuel has a greater coeffi- 
cient of thermal expansion than the cladding, a uni- 
form increase in temperature would introduce com- 
pressive stresses in the fuel and tensile stresses in 
the cladding. Superposition of these on the stresses 
in any one of the four elements considered above 
would mean still greater stresses leading to prema- 
ture failure of the element. 

In calculating temperature, it was assumed that 
there is no temperature drop at the interface be- 
tween fuel and cladding. This was done simply for 
the purpose of easier calculation. The equations are 
equally valid if there is a temperature drop at the 
interface, provided all the other assumptions are 
justified. 
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In calculating stresses in the fuel elements, inte- 
gral bonding between fuel and cladding was as- 
sumed. If there is no integral bonding between 
them, but the stress normal to the interface is com- 
pressive, the equations are still applicable. If the 
stress normal to the interface is tensile, the equa- 
tions (References 4, 5, 6) do not apply directly and 
the fuel and cladding must be treated as separate 
members, 
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The training and development of young engineers in the United States 
is of major concern to the nation, according to Dr. T. Keith Glennan, Ad- 
ministrator of the National Aeronautics and Space Administration and 
President-on-leave of the Case Institute of Technology, Cleveland, Ohio. 

He is a staunch supporter of a program sponsored by the Engineers’ 
Council for Professional Development, an organization that is helping 
guide young engineers on their way to maturity in the profession. The 
Council is headed by W. L. Everitt, Dean of Engineering of the University 


of Illinois. 


Dr. Glennan and Dean Everitt met recently in Washington to discuss 


aspects of the program. 


"The need for professional development programs is becoming more 
acute with every scientific advance,’ said Dr. Glennan. ''The Engineers’ 
Council definitely is heading us in the right direction." 

He emphasized that without enough high quality engineers and scien- 
tific personnel developed to the utmost, America will be at a disadvan- 
tage in the race for technical supremacy both in the industrial and space 


research fields. 


In explaining the Council's plan for helping young engineers, Dean 
Everitt said that too often there is a post-college slump in the careers of 


our young engineers. 


"As an antidote for this probability, we are offering our First Five 
Years Program. It is designed to close the gap between college and the 
realities of earning a living,’ Dean Everitt explained. 

The First Five Years Program has caught on in several cities—a number 
of industrial firms are actively supporting it. The program is becoming 


more popular in Canada. 


W. G. Torpey, consultant to President Eisenhower on engineering 
utilization, has reported that methods whereby local groups of employers 
of young engineers may establish a First Five Years Program in their own 
areas are being reviewed at a series of utilization conferences. These con- 
ferences are sponsored by the Office of Civil and Defense Mobilization, 


Executive Office of the President. 


Dean Everitt was a member of the President's Committee on Scientists 
and Engineers that devised the utilization conference pattern under which 
32 local conferences have already been held. 


—from ENGINEERS COUNCIL FOR PROFESSIONAL 
DEVELOPMENT, News Release 
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NAVY RESEARCH AND DEVELOPMENT 
CHARTING THE UNKNOWN 
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a NAVY SHALL develop aircraft, weapons, tactics. 
techniques, organization, and equipment of naval 
combat and service elements.” 

“The Marine Corps shall develop, in co-ordina- 
tion with the Army and the Air Force, those phases 
of amphibious operations that pertain to tactics, 
techniques, and equipment used by landing forces.” 

With these words have the American people, 
speaking through the 84th Congress which enacted 
Public Law 1028 (more commonly known as Title 
10, U.S. Code) charge their Navy and Marine Corps 
with responsibility for research and development. 
In response to these words, the Navy and the 
Marine Corps direct their thought and vision and 
imagination to the future. 

More concretely, the Navy’s approach to the 
future through Research and Development activi- 
ties is part and parcel of the overall Navy planning 
process. In essence, this planning embraces three 
phases. These are the coming fiscal year, on which 
planning starts 18 months prior to its beginning; 
the midrange period, those 5 years next beyond; 
and the long-range period, 5-15 years beyond the 
midrange period. 

These plans produce, respectively, the Navy’s 
Annual Program Objectives, its Projected Program 
Objectives, and its Long-Range Program Objectives. 

The Navy R&D process is attuned to these ob- 


jectives. It works on the 1 year, 2-5 year, 5-15 year 
objectives simultaneously. Thus, since Navy plan- 
ning is a continuous process, plans stemming from 
these three phases are under constant scrutiny. 

Navy R&D is nothing new. It has been a stan- 
dard practice for decades, now become centuries. 
It has always been, however, a matter of emphasis 
and proportion, reflecting the fact that, as world 
life and conduct becomes more detailed and techni- 
cal, so must an institution such as the Navy organize 
and conduct its R&D in a more formalized, more de- 
tailed, and more technological manner. 

The R&D of eras gone by produced such revolu- 
tionary and forward-looking equipment and doc- 
trines as the American Turtle, a pedal-operated 
submersible with which David Bushnell proposed 
that the Navy attack British ships blockading New 
York Harbor during the American Revolution. The 
Navy accepted the Turtle, but it never quite made 
the grade. The USS Shark, dating from around 
1903, helped further the ideas of Bushnell, and it 
is one of the progenitors of the vessels Nautilus 
and Skipjack, which today are moving into the 
era of the true submersible. From the humble be- 
ginning of the USS Pennsylvania grew the concept 
of the aircraft carrier, which, enlarged and carried 
to its logical extension in the Fast Carrier Task 
Force, played a major part in sweeping the Pacific 


A.S.N.E. Journal, August 1960 401 


” 
ity, 
New 
lin- 
‘ing, 
ats,” 
Na- 
ed). 
tes,” 
\pril 


NAVY R AND D 


SPERRYSCOPE 


clear of Japanese sea influence during World War 
Il. 

Marine Corps R&D of the 1930’s, the lean era of 
skeleton forces and skeleton funds, nevertheless 
sought out, found, fastened upon, and refused to let 
go of the waterborne tractor that became the 
“Alligator,” which crawled out of watery depths at 
dozens of coral-choked beaches to project Ameri- 
can sea power deeper into the Japanese Empire. 


ORGANIZATION OF R&D 


For the past several years, the Assistant Secret- 
ary of the Navy for Air was charged with the re- 
sponsibility for cognizance of research and develop- 
ment matters in addition to his other responsibili- 
ties. Incident to the recent reorganization of the 
Navy Department and in recognition of the growing 
importance of research and development, the Office 
of the Assistant Secretary for Air was disestab- 
lished and the Office of the Assistant Secretary (Re- 
search and Development) was established. Dr. 
James H. Wakelin was appointed and has assumed 
this position. He has been given the overall respon- 
sibility of Department of the Navy research, devel- 
opment, test and evaluation matters. 

The present research and development organiza- 
tion within the Office of the Chief of Naval Opera- 
tions (OPNAV) has undergone a metamorphosis 
over the past years that mirrors the increased com- 
plexity and technical aspects of naval readiness. The 
need for improved co-ordination is reflected in the 
expansion of the R&D effort and its rise to a major 
field of endeavor. Thus, where previous R&D in 
OPNAV was attended to as one of a number of 
functions of a Warfare, or Readiness, or Operations 
(staff) Division, it is now a major division and 
functional field of activity co-equal with the oper- 
ating divisions. 

Prior to World War II, the Warfare (staff) 
Division of OPNAV stated its operating needs in 
fairly general terms to the various Navy Technical 
Bureaus, which then built the weapons and equip- 
ment to do that task. This system provided the Navy 
with the best means in existence, but the inadequate 
co-ordination of the total effort and the resulting 
expense in men and material were not acceptable 
for World War II demands upon the Navy. As a 
consequence, the Warfare, the Readiness, and the 
Operations Divisions became responsible for 
specifying in considerable detail those equipments 
and material necessary to their efforts. To ensure 
that basic research was adequately maintained, the 
office of Naval Research was established, and co- 
ordination of the work of the Technical Bureaus 
which were, and are, the developing agencies was 
performed by ONR. 

In 1950, an Assistant Chief of Naval Operations 
‘SCNO; Readiness) was established to co-ordinate 
ie efforts of the R&D sections that were established 
in the Warfare, Readiness, and Operations Divisions 
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of OPNAV. The basic Navy tenet that new equip- 
ment must be called forth by those who ultimately 
man the ships and fight with the equipment thus 
was furthered. 

Within the past few months, the present OPNAV 
Research and Development organization has 
evolved. The dispersed R&D sections of the War- 
fare, Readiness, and Operations Divisions have been 
centralized in one unit, DCNO (Development), the 
rank of the incumbent increased to Vice-Admiral, 
and his task changed from one of “co-ordinating” 
the R&D effort to that of “directing” that effort 
within the areas of responsibility of the Chief of 
Naval Operations. At the same time, the organiza- 
tion has been expanded functionally to place ap- 
propriate emphasis upon guided missiles, atomic 
energy, and astronautics and space activities. 


GETTING UNDER WAY 


What starts the cycle which generates, through 
R&D, new equipment, or material, or doctrine for 
the Navy? It is a demand from the users which are 
the Navy or Marine Corps operating forces. Their 
statement of a need is translated by the OPNAV 
warfare staff division into a formal document 
known as an “Operational Requirement.” After go- 
ing through proper channels, this Operational Re- 
quirement is then served upon one of the Navy’s 
technical bureaus—Bureau of Ships, Bureau of 
Naval Weapons, Bureau of Medicine and Surgery, 
ete—for study, analysis, and recommendation of a 
technical course of action. This course of action, 
formalized as a Technical Development Plan and 
containing such data as sequence of development, 
funds required, the development characteristics of 
the item or system proposed as the solution to the 
requirement. Ultimately it is approved by the 
DCNO (Development) and becomes a directive to 
the assigned Bureau. That Bureau may perform the 
work itself or engage a Navy agency or laboratory 
to perform the work. This is a so-called “in-house” 
approach. The Bureau may also contract with an 
outside concern to perform the work on a “com- 
mercial contract” basis. 

As work progresses; DCNO (Development) 
monitors its movement, measures its success, feeds 
into it any modifications or new data or needs which 
develop subsequent to the inception of the project. 
DCNO also directs the series of tests and evalua- 
tions which measure the fitness of the finished 
products for adoption; and it alerts those other 
staff elements of OPNAV which must act to procure 
the item after it has been adopted. It introduces the 
item to the operating forces and remains alert to 
any possible refinements even after the equipment 
becomes standard. 

The sum of these multiple and varied programs 
in any one year comprises the Navy Research, 
Development, Test, and Evaluation program for the 
given year. The proceedings described above are a 
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portion of the overall process. Implicit in them are 
the actions which include progressive approvals of 
a proposed year’s program by the Assistant Sec- 
retary of the Navy (Research and Development) ; 
the Secretary of the Navy; the Secretary of De- 
fense; the President of the United States; and 
finally the Congress of the United States, which ex- 
presses its approval by passing laws appropriating 
money for the Navy RDT&E effort. 

This may seem to be a cumbersome process, un- 
necessarily complicated and unwieldy for a field in 
which daring and experimentation are frequently 
a keynote. Such a supposition is more apparent 
than real. The work of R&D is related to the future 
of the Navy in the technical and operational sense. 
It costs money, lots of it, and so it also plays a part 
in the nation’s economic future. Seeming slowness 
is therefore often advisable in order to make haste 
wisely. At the same time, however, R&D retains its 
willingness to take a chance, to toss out a grubstake 
to a fervent dreamer whose inspiration seems 
worthy of nurture. 

Independent proposals put forward to the Navy 
and the Marine Corps by private firms, institutions, 
and individuals responsive to stated and inferred 
requirements should not be overlooked. The Navy 
is quick to listen to such approaches, for after all, 
initiative and inventiveness have helped to make 
this nation and its Navy great. Among the more out- 
standing examples of this approach are the commer- 
cial developers of automatic and electronic data- 
processing equipment who envisaged military need 
and application of commercial practices then under 
development and came forward to the Services with 
proposals. 

SOME RESULTS 


In the limelight now, or approaching it, are a 
number of outstanding products of the Navy R&D 
process. Prominent among them is POLARIS, the 
Fleet Ballistic Missile, the missile with the moving 
launching base. This is the missile which any po- 
tential enemy, once having started a war, must seek 
out and find in the millions of square miles of water- 
covered launching sites, if he would prevent con- 
trolled retaliation against his homeland. 

POLARIS will be only as accurate as the naviga- 
tion of the submarine that carries the missile to the 
launching site and feeds it the basic data with which 
it navigates to its assigned target. Sperry is playing 
a vital role in the POLARIS missile system. It has 
developed the ship’s inertial navigation system, the 
NAVDAC (Naval Data Assimilation Computer), 
and the system that will integrate the overall ship 
navigation components. 

TEEPEE, the new system which envisages meas- 
uring the degree to which the earth’s plasma has 
been disturbed by the launching of unfriendly bal- 
listie missiles and the issuing of warnings and 
counter missiles, is a Navy project moving through 


Navy R&D toward operational status in the years to 
come. Ground effects machines, suspended and di- 
rected by downblasts of compressed air, along with 
advanced helicopters and vertical takeoff and land- 
ing aircraft, bid fair to free the Marines of the 
beach and help them project sea power by amphib- 
ious means yet further inland. 

Navy submarine developments in the field of 
nuclear propulsion and hull design are presently 
representative products of Navy R&D with great 
future implications. The nearly indefinite period of 
submersibility and greatly prolonged period of fuel 
effectiveness created by the application of nuclear 
power, as in the Nautilus and Skate, have en- 
hanced the mobility and flexibility of our nation’s 
undersea power. Coupled with this breakthrough 
was the development of the truly revolutionary AI- 
bacore hull, which, featured in the Skipjack class of 
submarine, bids well to give this country the first 
true submersibles—vessels created to use water as 
their natural element, not as an obstacle to be sur- 
mounted. 

It should not appear, however, that the Navy 
R&D program is totally oriented to usable end 
products, to “hardware.” The Navy is alert to and 
shares the belief of the scientific community that 
an R&D effort so directed and conducted is digging 
its own grave. Basic research, research which pro- 
duces nothing more tangible than the extension of 
the body of knowledge about a field of inquiry is 
not, and must not be, neglected. Basic research is 
the deck upon which Navy R&D in the long haul 
must be based, and a sturdy one it is and shall be. 
The Office of Naval Research thus conducts the 
Navy’s basic research program, distributing its ef- 
forts into such fundamental and broad fields of 
interest as Earth Sciences (Geology, Mineralogy, 
etc.), Psychological Sciences (Human Behavior, 
Human Engineering, etc.), and the like. A more 
spectacular manifestation of this unglamorous, but 
vital, pursuit of knowledge is the recent ascent of a 
Navy balloon many thousands of feet to make ob- 
servations of Venus. 


FUTURE 


The Navy looks confidently to the future, con- 
vinced that matters naval will become even more 
vital to the nation’s welfare, progress, and continued 
freedom. 

Navy R&D is active in the field of Astronautics 
and Space, attending to their naval implications and 
co-operating in such projects as the forthcoming 
Mecury Astronaut, our country’s first manned flight 
into space. 

Control of the seas remains critical to world peace 
and this nation’s defense. To this end, Navy R&D 
continues such developments as the nuclear- 
powered aircraft carrier Enterprise, the nuclear- 
powered Long Beach, missile carrying cruiser of the 
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future; the surface-to-air, air-to-air, and air-to- 
surface missiles which will continue to keep naval 
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Testing of an undersea liquid storage system developed for the Navy 
by the United States Rubber Company has begun in the Gulf of Mexico. 

Test of the proposed storage system will be conducted by the builder, 
demonstrating a flexible 1200-barrel prototype underwater tank devel- 
oped on a contract with the Office of Naval Research under the tech- 
nical direction of the Bureau of Supplies and Accounts. 

The prototype tank consists of a 50,000 gallon rubber container towed 
today to a point in the Bay Marchand oil fields off the Louisiana coast 
and submerged approximately 52 feet on the Gulf's seabed. While the 
prototype container is one of the largest ever fabricated, it is regarded 
as only a segment of an undersea fuel system capable of serving as an 
emergency cache for fleet ships. Full scale storage containers would be 
in the range of 25,000 barrels and several would be interconnected to a 
a common header in actual operation. 

Under the plan being evaluated by the Navy, the future below-the- 
waves warehouses would hold more than a million gallons of fuel, enough 
to supply several destroyers and smaller vessels. 

The 50,000-gallon container tested today is 22 feet wide and 70 feet 
long when empty. When filled it becomes 20 feet in width, 68 feet in 
depth. Equipped to receive and discharge liquids and capable of being 
joined with similar containers, the tank is held to the ocean floor by a 
tubular steel frame and nylon harness forming a rig of over 80 feet in 
length and 33 feet in width. 

The prototype storage cache was built at the Mishawaka, Indiana, 
plant of the United States Rubber's Footwear and General Products Di- 
vision and hardware for the test installation was designed by the Hanna 
Construction Company of Houston, Texas, under a sub-contract with the 
United States Rubber Company. 

If the underwater storage system proves feasible, the concept could 
be adapted by the Navy to establish fueling stations at various points for 
fleet ships, submarines and aircraft. The undersea containers could also 
be used for the storage of gasoline, lubricating oil, crude oil at offshore 
oil operations and possibly fresh water and other liquids. 


—from U.S. NAVY NEWS RELEASE 
June 21, 1960 
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power in control of the seas and ready to project 
that naval power landward if the need arises. 
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THE UNINTENTIONAL IGNITION 
OF HYDRAULIC FLUIDS INSIDE 
HIGH PRESSURE PNEUMATIC SYSTEMS 


THE AUTHOR 


is Associate Professor of Mechanical Engineering at the Pennsylvania State 
University. He received the degree of Bachelor of Mechanical Engineering 
from Rensselaer Polytechnic Institute in 1948, and the Ph.D. degree from 
Penn State in 1958. For the past five years, he has been conducting research 
on various problems of gas dynamics, one of which is the subject of the 


present paper. 


INTRODUCTION 


., Se YEARS AGO, there occurred aboard each of 
two US. aircraft carriers, within the space of a few 
weeks, an explosion and subsequent fire. Both of 
these accidents caused considerable loss of life, due 
principally to the fires which followed the explo- 
sions. Investigation revealed that the source of the 
initial explosion was in each case located in an air- 
craft catapult machinery space. Furthermore, it was 
established with some certainty that in the case of 
the second accident, the trouble had started when 
an ordinary globe valve in a high-pressure pneu- 
matic system was cracked open. 

That such a seemingly innocuous and altogether 
routine operation eventually could have been re- 
sponsible for the deaths of over one hundred people 
may appear to be incredible. However, the research 
work to be described showed beyond question that 
under certain circumstances, opening a valve in a 
high-pressure pneumatic system can be as poten- 
tially dangerous as tossing a lighted match into a 
pile of gasoline-soaked rags. 

In order to see where and how such a dangerous 
situation could possibly arise, let us consider a spe- 


cific configuration, namely, a relatively long high- 
pressure tube leading to a valve, to which is at- 
tached a short length of tube ending in a bourdon 
pressure gage. We assume that, for some reason, the 
bourdon gage has been taken off, after closing the 
valve. The gage is then reassembled to the system. 
Now the pressure in the tube between the valve and 
the end of the gage is atmospheric, while the tube 
on the other side of the valve contains air at high 
pressure. The question is, what happens when the 
valve is opened? Evidently, air flows through the 
valve, and the downstream section eventually comes 
up to system pressure. However, it is necessary to 
look very closely at the pressure equalization 
process. It has been found in situations similar to 
that considered here that the high pressure air 
originally upstream from the valve, as it expands 
and cools in going through the valve, acts somewhat 
like a piston. This cold air piston pushes ahead of it 
the downstream air originally at atmospheric pres- 
sure, thereby compressing it and raising its tem- 
perature. The net result is that the original down- 
stream air ends up next to the closed end of the 
tube, its final volume being a small fraction of its 
original volume. If the valve is opened rapidly, this 
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process takes place in a small fraction of a second, 
and there is very little time available for air mixing 
and heat transfer. Thus, to take a specific example, 
if the upstream pressure is 4000 psi, the original 
downstream air theoretically can reach, momen- 
tarily, a maximum temperature of approximately 
2000°F. 

We require only one more ingredient in our hypo- 
thetical situation to make it a dangerous situation. 
If, by some chance, the inside walls of the tubing in- 
cluding the surface right at the closed end of the 
tubing should be coated with a combustible fluid, 
merely opening the valve may cause the fluid to ig- 
nite at the closed end, and it is possible that a flame 
will travel back up through the pneumatic system. 
If it does, and if a relatively large reservoir of com- 
bustible fluid is available somewhere in the system, 
a disaster could be in the making. 

It remains to establish whether in a real situation 
it is possible that a combustible fluid could be pres- 
ent inside a high-pressure pneumatic system. We 
need only consider the case where a reciprocating 
compressor supplies air to the system. This com- 
pressor needs lubrication, and it is extremely dif- 
ficult to prevent small quantities of lubricant from 
being discharged with the air delivered to the sys- 
tem. Unfortunately, good lubricants are almost in- 
variably combustible. Thus, if our theory is correct, 
the normal operation of a high-pressure pneumatic 
system can be, if all the factors previously discussed 
are present simultaneously, an extremely hazardous 
business. 

It is not intended to imply that the particular set 
of circumstances described in the preceding discus- 
sion is the only potential source of danger. It is con- 
ceivable that many different tubing configurations 
and operating conditions could lead to the same end 
result. For example, the rapid closing of a valve 
through which high-pressure air is flowing could 


CLOSED END 


cause a momentary elevated temperature on the 
upstream side of the valve. If a combustible fluid is 
present there, it could ignite. 

The work described in the following sections of 
this paper represents an effort to delineate the prob- 
lem, to determine the effects of the various factors 
involved, and, eventually, to aim at a solution. The 
entire research program was sponsored by the 
Bureau of Ships, under Research Contract No. 
Nobs.-65478. 


TEST PROCEDURES AND RESULTS 


Experimental Apparatus 

It was decided to construct an apparatus which 
would simulate as far as possible an actual con- 
figuration which may have been the source of a 
shipboard casualty. The set-up shown schematically 
in Figure 1 was therefore built, in which a reser- 
voir charged with dry air at pressures up to 5000 
psi was connected to a relatively long length of high 
pressure tubing leading to a valve. Downstream 
from the valve, a short section of the same high 
pressure tubing was mounted, terminating in a 
closed end. The tubing had an inside diameter of 
3%% inch. 

The valve, originally a standard globe-type fitting, 
was modified to obtain a rapid-opening characteris- 
tic. This was done by removing the screw thread 
from the stem and externally loading the stem by 
means of a coil spring. The valve was held in the 
closed position by means of a latch mechanism. 

The apparatus operated essentially in the follow- 
ing manner. The upstream section of the tubing was 
pressurized to a desired initial pressure with the 
rapid-opening valve closed, and the downstream 
section was initially at atmospheric pressure. The 
valve was then opened, by knocking the latch 
mechanism aside with a swinging mass. The high- 
pressure air originally in the upstream section then 
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flowed into the downstream tube, rapidly compress- 
ing the air in the short downstream tube. 


Instrumentation 


In order to observe the variations of gas pressure 
within the system, a number of piezo-electric pres- 
sure transducers were mounted at selected positions 
along the tubing. The outputs from these devices 
were fed to a cathode-ray oscilloscope adjusted to 
display vertical motion of the beam with variations 
in gas pressure. The oscilloscope traces were photo- 
graphed by means of a drum camera, which also 
provided a time base. The valve lift was recorded by 
allowing the valve stem to deflect a small cantilever 
beam, on which was mounted four strain gages in 
a bridge circuit. The strain gage output was fed to 
an oscilloscope, and was recorded in the same man- 
ner as the pressure traces. 

To detect and record the passage of flame within 
the system, ionization gaps were placed at selected 
positions along the tubing. Each ionization gap was 
connected to an amplifier, the output from which 
was fed to an oscilloscope beam, the trace being re- 
corded by means of the drum camera. 


TEST PROGRAM 


Air Tests 

The apparatus was first run with no hydraulic 
fluid within the pipe system, in order to check the 
operation of the instrumentation and recording 
method. The test record for a run with an initial 
pressure upstream from the valve of 2000 psi, and 
with a downstream tube length of 18 inches is re- 
produced in Figure 2. The record shows a valve lift 
of % inch occurring in approximately three milli- 
seconds. The pressure histories, taken at points A, 
B, and C in Figure 1, appear as anticipated from gas 
dynamics theory. In general, pressure equalization 
occurs by means of a series of wave reflections from 
the ends of the system. Eventually, the final pres- 
sure reached a value slightly below the original 
value of 2000 psi, due to the slightly increased vol- 
ume occupied by the high pressure air. It is of in- 
terest to note that the rate of pressure rise at the 
closed end (position C) is approximately 500 
psi/millisecond. 

Ether Tests 

In order to discover if ignition of a hydrocarbon 
fuel could be effected in the test apparatus, it was 
decided to use ethyl ether in the system for the 
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initial combustion tests. Ethyl ether is ordinarily 
easily ignitable over a wide range of air-ether mix- 
ture ratios, and its self-ignition temperature, as de- 
termined by standard test, is quite low. 

For these tests, prior to opening the valve, ether 
in liquid form was introduced into the downstream 
tube by means of a hypodermic needle and syringe. 
The needle was permanently fixed to the tubing 
near the closed end. Knowing the mass of air orig- 
inally in the downstream tube, an air-fuel ratio 
could be calculated for each test, assuming the ether 
vaporized and mixed thoroughly with the air in the 
downstream tube prior to opening the valve. 

A sample test record is shown in Figure 3, where 
an amount of ether was injected corresponding to a 
stoichiometric mixture in the downstream tube 
prior to discharge. The initial upstream pressure 
was set at 1000 psi. By comparing the pressure 
traces in Figure 3 with those shown in Figure 2, it 
can be seen that with the ether, there appears an 
“extra” pressure pulse, giving a pressure momen- 


tarily higher than the original upstream pressure. 
After running the test, the downstream tube was 
inspected and carbon deposits were discovered in 
the vicinity of the closed end. There was no doubt 
that combustion of the ether had occurred. Suc- 
ceeding tests with various initial pressures and 
ether-air ratios showed that combustion resulted at 
initial upstream air pressures as low as 500 psi. 


Lube Oil Tests 


Once it had been established that a hydrocarbon 
fuel could be ignited by means of the rapid com- 
pression of air in the downstream tube, a series of 
tests was run with diesel oil and with two grades 
of lubricating oils, one an SAE 10 oil, the other 
SAE 30. 

The tests using diesel oil were run with 1/10 
cubic centimeter of the fuel deposited at the closed 
end of the downstream tube. Combustion of the fuel 
occurred consistently at initial upstream air pres- 
sures above 1250 psi. 
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The next fluid used was the SAE 30 lube oil. 
Again, 1/10 cubic centimeter of the fluid was de- 
posited at the closed end. Three tests at an initial 
upstream pressure of 2000 psi showed that com- 
bustion occurred each time. The subsequent tests 
with lube oil were run with the SAE 10 oil, since it 
is physically similar to the hydraulic fluids tested 
in later runs. The first group of tests was run with 
1/10 cubic centimeter of oil at the closed end, and 
with initial upstream air pressures greater than 
1250 psi, combustion occurred consistently. The 
burned oil appeared in each case as a soggy, carbon- 
like mass. 

The second group of tests with the SAE 10 oil 
was run with 1/10 cubic centimeter of oil deposited 
in the tube at a point approximately six inches up- 
stream from the closed end. At initial upstream air 
pressures up to 2000 psi, combustion did not occur. 

An additional group of tests was run with the 
walls of the downstream tubing wetted with SAE 10 


oil, plus a few drops at the closed end. Ionization 
gaps were located at positions B and D, as shown 
in Figure 1, in addition to pressure transducers at 
the same locations. A sample test record for an ini- 
tial upstream air pressure of 3000 psi is shown in 
Figure 4. This record shows combustion first oc- 
curring at position D, located one inch upstream 
from the closed end, with combustion continuing at 
that position for approximately 30 milliseconds. The 
ionization gap at position B, one foot upstream from 
the closed end, indicates flame passage approxi- 
mately 17 milliseconds after the first appearance of 
flame at point D. This gives a flame speed of ap- 
proximately 60 ft. per second. Inspection of the 
downstream tube after the test was completed 
showed carbon deposits over the entire wetted 
length of tube. 

Summarizing the results of the previous tests, it 
is clear that the hydrocarbon oils are rather easily 
ignitable in the test apparatus. An equally signifi- 
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cant result is the fact that flame will propagate 
along the tube walls which are wetted with the oil. 
Finally, it appears that fuel must be available at the 
closed end in order for ignition to occur. 


Hydraulic Fluids Tests 


The next group of tests was run with two types 
of hydraulic fluids, both of which are hydrocarbon 
base fluids. An initial upstream air pressure of 3000 
psi was used in every test. 

A sample record for a test in which % cubic cen- 
timeter of Navy Specification Fluid 2190T was 
placed at the closed end, and with the downstream 
tube walls wetted, is shown in Figure 5. The flame 
trace at position D indicates that ignition occurred 
when the pressure at the closed end had reached a 
value of approximately 2800 psi. Flame reached po- 
sition B approximately 18 milliseconds later, giving 
an average flame speed of about 50 ft./sec. It is also 
of interest to note a pressure “bump” which takes 
place about 20 milliseconds after ignition, and which 
appears almost simultaneously in both pressure 
traces. It is believed that the sequence of events 
leading up to the pressure “bump” was as follows: 
Ignition occurred at the closed end, and a flame 


traveled back upstream along the wetted walls. 
During this process, only a portion of the hydraulic 
fluid was burned, the remainder being heated and 
partially vaporized. In other words, the initial flame 
front leaves behind it a region where a relatively 
large amount of fluid is being “prepared” for com- 
bustion. When the preparation was complete, the 
remaining fluid not burned during the original flame 
passage burned explosively, thus causing the sud- 
den pressure “bump”. It is to be noted that the 
foregoing is a theory. It has not been substantiated 
by direct experimentation, although the proposed 
process fits quite well with what has been observed. 

Another test record of interest is shown in Figure 
6. Here the hydraulic fluid was Navy Specification 
Fluid 51-F-23. The disposition of the fluid in the 
downstream tube was identical with that of the 
previous test. The flame trace at position D indi- 
cates ignition at a closed end pressure of approxi- 
mately 2800 psi, with flame reaching position B ap- 
proximately eight milliseconds later. This gives an 
average flame speed of approximately 115 ft./sec., 
more than twice that observed in the previous test. 
Inspection of the pressure trace at position D in 
Figure 6 shows that the combustion did not proceed 
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in the same manner as in the previous test with 
2190T fluid. The pressure history at D in Figure 6 
exhibits an appreciable pressure “bump” simultan- 
eously with the first indication of flame at that sec- 
tion. This is not found in Figure 5, and the indica- 
tion is that a relatively large amount of 51-F-23 
fluid burned suddenly. to start the combustion 
process. This may account for the apparent increase 
in flame speed. The remainder of the pressure his- 
tories are much the same as those of Figure 5, with 
a later pressure “bump” again thought to occur 
after a period of physical preparation of the fluid. 
The final group of tests in this series was run 
with a valve lift of 1/16 inch, as opposed to ¥% inch 
in all preceding test runs. The initial upstream air 
pressure was kept at 3000 psi. Four tests with the 
2190T fluid and one test with the 51-F-23 fluid were 
run. Combustion occurred in every test. The final 
test of this series resulted in considerable damage 
to the experimental apparatus. The tube walls were 
wetted with the 2190T fluid not only downstream 
from the valve, but also five feet upstream. The 


20 
TIME IN MILLISECONDS 


FIG 6. SI-F-23 TEST, DOWNSTREAM WALLS WETTED 


30 40 50 


test record is shown in Figure 7, where the gaps in 

the pressure traces were caused by the oscilloscope 

beams leaving the screen, due to an excessive pres- 
sure rise. A pipe plug in the downstream section 
blew out when this test was run, and the reaction 
force due to high pressure gas escaping from the re- 
sulting hole bent the tubing severely. It is signifi- 
cant to note that carbon deposits were found in the 
tube upstream from the valve, showing conclusively 
that the valve, although only cracked open, did not 
prevent the passage of flame. 

Summarizing the results of the foregoing series 
of tests, it can be concluded that: 

(1) The hydrocarbon base hydraulic fluids are ignitable in 
the test apparatus. 

(2) Ignition, if it occurs, always takes place at the closed 
end of the tube. 

(3) Once ignition occurs, flame travels upstream if the tube 
walls are wetted wih the hydrocarbon fluid. 

(4) The pressure rise due to the combustion of the hy- 
draulic fluid can be high enough to cause mechanical 
failure in the pneumatic system. Whether or not this 
will occur depends upon the amount of hydraulic fluid 
available for combustion. 
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Orifice Tests 


After completing the experiments described in 
the foregoing section, it was decided to investigate 
the possibilities of preventing ignition of the hydro- 
carbon-base hydraulic fluids by means of a simple 
mechanical device, namely, an orifice placed in the 
tubing. The principal idea behind the tests to be 
described was the expectation that an orifice, by 
decreasing the rate of pressure (and temperature) 
rise at the closed end of the tubing, and thereby 
allowing more time for heat to be transferred to the 
cold walls of the tube, might limit the maximum 
temperature at the closed end to a safe value. 

The orifices were made from steel discs, with a 
hole of the desired size drilled through the center 
of each disc. Three different size holes were used, 
giving orifice through-flow areas equal to 2/7, 1/14, 
and 1/56 of the tube flow area. The orifices were 
placed in turn at various positions in the tube, both 
upstream and downstream from the rapid-opening 
valve in succeeding tests. Hydraulic fluid 2190T was 
used for all of the tests in this series. The results 
were as follow: 


412 A.S.N.E. Journal, August 1960 


TIME IN MILLISECONDS 
FIG. 7 — 21I90-T TEST, UPSTREAM AND DOWNSTREAM WALLS WETTED 


(1) No one of the three flow restrictions used, 
of its position in the tubing, did consistently prevent 
ignition in the downstream section of the tube. 

(2) A restriction with a through-flow area less than ap- 

proximately 1/60 of the tube flow area, if placed in the 

tube, will allow ignition to occur on its upstream face, 
if hydraulic fluid is present there. 


Safety Fluids Tests 


Several synthetic lubricants were tested in the 
experimental apparatus. For proprietary reasons, 
these fluids are not identified with brand names. 
Tests were run at initial upstream air pressures up 
to 4900 psi. Various amounts of the fluids were de- 
posited in the tubing in succeeding tests. A group 
of tests with the system initially at a temperature 
of 140° F was run. Finally, additional tests were run 
with a tubing diameter of 1/16 inch. 

The results of these tests can be stated simply as 
follows: every one of the safety fluids, except those 
with a water base, was ignited in the experimental 
apparatus. 


Conclusions 


The results of the experimental program can be 
summarized by the following two statements: 
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(1) The presence of small amounts of conventional hy- 
draulic fluids in high pressure pneumatic systems con- 
stitutes a very real source of danger. 

(2) As far as is presently known, if hydraulic fluid cannot 
be entirely eliminated from the pneumatic system, the 
fluid should be a substance which does not react with 
oxygen. 

It is recognized that the second statement listed 
constitutes a very severe restriction, and may even 
be an impossible one under certain circumstances. 
Even if the question of cost is ignored, the question 
of lubricating properties cannot be set aside, since 
a poor lubricant could drastically reduce the oper- 
ating life of machines upon which the combat readi- 
ness of a naval vessel depends. The problem is a very 
difficult one, and it is evident that no quick and easy 
solution is likely to present itself. 


CURRENT RESEARCH 


The work described in the preceding sections was 
accomplished under what might reasonably be 
called emergency conditions. It was necessary to 
find out as quickly as possible what the general 
nature of the problem was, and what might be done 
in the way of solving it. During the course of the 
investigation, many questions arose which could not 
be pursued at the time. Thus, at the conclusion of 
the research contract period, the problem had been 
fairly well defined, but it was recognized that sev- 
eral factors on which the ignition of hydraulic fluids 
depended had not even been touched upon. 

Approximately two years ago, a second research 
project, again sponsored by BuShips, was begun, 
the principal objective of which was to determine 
with some degree of precision the ignition limits of 
various hydraulic fluids. 

For example, the rate of valve opening used in 
the test apparatus of the original research work was 


Into immediate design of flyable plasma engines goes the Plasma Pro- 


fixed, and furthermore fixed at a rather high rate. 
This was done purposely, in order to impose condi- 
tions under which ignition was likely to occur. 
However, as was discussed previously, if the rate 
of pressure rise in the downstream tube is de- 
creased, there is more time available for air mixing 
and heat transfer. Thus, in general, a slower valve 
opening tends to result in a lower maximum tem- 
perature at the closed end. Eventually, it is to be 
expected that the maximum temperature attained 
will not be sufficient to cause ignition. 

A second factor which was barely touched on in 
the original work is the effect of ambient tempera- 
ture. It has been calculated that a difference of 100 
degrees Fahrenheit in ambient temperature could 
make a difference of approximately 500 degrees 
Fahrenheit in maximum temperature at the closed 
end of the system. 

It has also been observed that contamination of 
the interior surfaces of the system may greatly in- 
fluence the ignition of hydraulic fluids. The con- 
tamination may be in the form of rust or partially 
burned hydraulic fluid. 

All of the preceding factors and several more are 
being studied at present. It is expected that a re- 
port of the results will be available in a short time. 
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pulsion Laboratory of Republic Aviation Corporation, lab manager A. E. 
Kunen announces: Much earlier than anticipated, a magnetic pinch 
plasma engine ran continuously for more than 118 hours, before being 
shut down for examination of electrodes. Kunen reported that the engine 
meets optimum characteristics and power requirements for "steering" 
satellites and moon rockets; cycled at the rate of 30 times a minute, 
using 3000 volts, 675 watts. Unexpectedly rapid progress is attributed to 
two major factors, a superior fuel feed and rugged electrodes. 
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: Courtesy Bethlehem Steel Company 
The S33 was delivered by Bethlehem’s San Francisco Yard in December, 1921. She had a length between perpendiculars of 
219 3”, beam of 20/8”, mean draft of 15’11”, displacement of 854 tons on the surface and 1,062 submerged, and speeds of 


15 knots on the surface and 104% submerged. A twin-screw craft, she had 4 cycle, 8 cylinder Nelseco engines developing 1200 
B.HLP. 
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Courtesy Bethlehem Steel Company 
The S-43, was delivered by Bethlehem’s Quincy, Mass., shipyard in July, 1923. She mounted one 4/50 gun, four 21” tor- 
pedo tubes, and had a complement of 45 men. Chief characteristics: Length, B.P., 225’ 3’; Beam, Mld., 20’ 8”; Draft, Loaded, 
1 0”; Displacement tonnage, surface 906, submerged 1126; Speed, 14% surface, 11 submerged; B.H.P. 1200; Main Drive, 
Twin screw, 4 cycle, 8 cylinder Nelseco (heavy oil). Bethlehem built more than 40 of this type following a number of the 
1915 “)” boats and the entire program of 1916 “R” boats. 
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“PROCEEDINGS OF THE INSTITUTION OF MECHANICAL ENGINEERS” 


THE ENERGY BALANCE IN STEAM 
POWER PLANT FEED SYSTEMS 
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INTRODUCTION 


i HAVE BEEN several papers on heat balances 
in feed systems in recent years among which may 
be mentioned those by Bonny,’ by Tyrrell,? and by 
Sheng-Lun Chuang.* These have dealt with marine 
steam power plant and they reflect the increasing 
attention being paid to overall system economy by 
shipowners and shipbuilders. It is a matter of com- 
mon experience now to find serious and important 
decisions being made on predicted fuel rates differ- 
ing by amounts of the order of 0.1 per cent. The 
question naturally arises whether calculations can 
in fact be made to this order of accuracy for com- 
parative purposes. One object of this paper is to 
give a method for calculation of energy balance, the 
accuracy of which will be limited only by the ac- 
curacy of the steam tables and of the calculating 
machines used. 


Very exact calculations are, however, of no value 
if they take too long to perform. The method de- 
scribed in this paper has the feature that estimation 
of comparison can be made directly in very short 
time with high accuracy. Its technical interest lies 
mainly in proving the possibility of having a table 
of coefficients for given steam conditions which can 
be used to give direct comparisons between one 
suggested system and another or a quick and ac- 
curate estimation of the effect of any proposed al- 
teration in a system. Examples showing the power 
and utility of the method will be given. 

However, there is one overriding point which 
should be made in this introduction. It is doubtful 
whether the practical operating conditions of ma- 
rine propulsion systems really do justify such ac- 
curate comparisons. It is quite certain that a theo- 
retical economy of only small amount in one sys- 
tem as against another can be completely offset in 
practice by variations in operating procedures as 
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ENERGY BALANCE 


“PROC. OF INST. OF MECH. ENGR.” 


NOTATION 
Elementary Symbols 


b, = Bleed steam quantity at enthalpy h,, lb per hr. 

b, = Variable bled steam quantity at enthalpy h,, 
lb per hr. 

e, = Combined mechanical and electrical efficiency 
of electrically driven auxiliaries within the 
feed system. 

e, = Combined mechanical and electrical efficiency 
of turbo-generator. 

e,, = Mechanical efficiency of main turbine. 

e, = Overall mechanical and electrical efficiency of 
electrically driven auxiliaries within the feed 
system (e,Xe,). 

h, = Auxiliary supply steam enthalpy, Btu per lb. 

h,’ = Auxiliary steam enthalpy at return to conden- 
ser, Btu per lb. 

h, = Main turbine condensate enthalpy, Btu per lb. 

h.g = Turbo-generator condensate enthalpy, Btu per 
Ib. 

h, = Feed enthalpy, Btu per lb. 

h, = Main turbine stop valve enthalpy, Btu per lb. 

ho, = Turbo-generator stop valve enthalpy, Btu per 
lb. 

h, = Main turbine bleed steam enthalpy, Btu per lb. 

h,’ = Bled steam enthalpy at return to condenser, 
Btu per lb. 

h, = Main turbine exhaust steam enthalpy, Btu per 
Ib. 

h,, = Turbo-generator exhaust steam enthalpy, Btu 
per lb. 

h, = Main turbine variable bled steam enthalpy, 
Btu per lb. 

L = Heat loss due to radiation convection, etc., Btu 
per hr. 

P = Main turbine shaft power, Btu per hr. 

S = Heat supplied to thermal services, Btu per hr. 

S,= Heat returned to system from the thermal 
service, Btu per hr. 

T, = Turbo-generator output (excluding electrically 
driven auxiliaries operating in feed system), 
Btu per hr. 

t, = Shaft power absorbed by electrically driven 
auxiliaries within the feed system, Btu per 
hr. 

typ = Shaft power absorbed by electrically driven 
feed pump, Btu per hr. 

W = Feed quantity to be pumped, lb per hr. 

W,,= Auxiliary steam quantity at enthalpy, h,, Ib 
per hr. 
W, = Feed pump steam quantity, lb per hr. 


Compound Symbols 


m, = oe (h,—h,), Btu per Ib. 

= oe (h,—h,), Btu per Ib. 
n, = oe (h,—h,), Btu per lb. 
n, = ee (h,—h,), Btu per Ib. 
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well as by the variable effects of weather and voy. 
age conditions. This situation is fully recognized by 
the author and by his firm. Nevertheless it is nece 
sary for marine design studies to have accurate and 
quick methods for comparative proposals even al 
though the practical circumstances may make these 
ineffective. Finally, the existence of a quick and 
accurate method is of considerable help in assessing 
the effects of unavoidable variations in operationz 
procedure, and in this respect also the procedure 
outlined in this paper may be found helpful. 

The paper is written from the standpoint of ; 
marine feed system and the examples given are a 
marine examples. This has been done because the 
range of variation and complexity in these is grea’ 
er than in a land central generating station. The 
marine system has to supply not only the main 
shaft but also auxiliary turbo-generators and ship’s 
services, including drinking-water supply by evap 
orators. By choosing marine systems to illustrate 
the method it is felt that the fullest possible expla 
nation is given. A designer concerned with land in 
stallations will find it very much easier to apply. 


One of the main difficulties in obtaining accura 
in previous papers has been in the interplay of 
energy in its two forms of heat and work. Thus, fo 
example, when a pump works in a system its ener. 
gy input is divided between an increase in potentiz 
energy of the system in the form of pressure and an 
increase in the form of heat due to the inefficien 
of the pumping action. A feed pump’ may require 
about 1 per cent of the main turbine power, that is 
of the order of 0.3 per cent of the total heat input 
to the boiler. Since its efficiency may vary between 
60 and 70 per cent, the pressure energy input rep 
resents about 0.2 per cent of the heat input to the 
boiler and the dissipated energy about 0.1 per cent 
It is clear that calculated comparisons cannot be re 
lied upon to accuracies of the order of 0.1 per cent 
unless exact allowance is made for such pumping 
effects. The common practice of allowing an arbi 
trary figure for the temperature rise of the wate 
in passing through the pump is not permissible 
when such accuracy is sought. One feature which 
will be found in the present paper is that pumping 
effects are automatically included correctly in the 
energy balance. 

In conclusion it should be stated that to limit the 
length of this paper the attitude adopted in it is lim- 
ited to the necessary proof, clarification, and exem 
plification of the method. The examples given are 
only to illustrate the method. They are not intended 
to refer to any actual installation, turbines, pumps, 
or heaters, etc., and no discussion of detailed impli- 
cations for actual feed systems is included. These 
demand many more considerations than energy 
balance. 

Further, while it is common practice in technical 
papers to confine mathematical work to Appendices, 
that is not permissible in the present case, since the 
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ENERGY BALANCE 


derivation and proof of the method is the primary 
function of the paper. 


THEORY OF THE METHOD 


The objective of the energy balance calculation 
is assumed to be the estimation of the precise heat 
input required from fuel consumption subject to the 
following conditions: 

(1) That a specified shaft horsepower must be 
met in a turbine of specified efficiency under spe- 
cified vacuum conditions. 

(2) That specified auxiliary electric power 
must be provided by an auxiliary turbine of spe- 
cified efficiency working under specified vacuum 
conditions. This specified auxiliary power ex- 
cludes the power required for electrically driven 
auxiliaries operating in the feed system. The 
power requirement of these represents a variable 
addition to the turbo-generator requirements 
which must be included as a variable in the cal- 
culation method, so that the actual total power 
requirements of the turbo-generator are only spe- 
cified when the calculation is complete and fea- 
tures of the feed system have been established. 

(3) That specified thermal services have to be 
provided. By thermal services is meant energy 
supplied as heat external to the feed system, as 
for example evaporators, steam air heaters, steam 
to steam generators, etc. These thermal services 
do not include feed heaters, drain coolers, or 
deaerators all of which are internal to the system 
and are variables which are finally established 
only at the end of the calculation. 


(4) That the feed temperature at inlet to the 


boiler is specified. This condition is essential for 
the formation of a heat balance equation. It is 
also essential for comparative discussion of dif- 
ferent feed systems that the same feed tempera- 
ture be specified, because unless this is so, allow- 
ance would have to be made for substantial al- 
teration in boiler efficiency. 

The net heat requirements, that is, the heat input 
from the fuel less the boiler radiation and stack 
losses can be assessed when the above four condi- 
tions are established in either of two ways. It is this 
possibility of assessing the heat requirements in 
either of two ways which enables an equation to be 
formed by equating the two alternative assessments. 

The first possible basis of assessment is that the 
heat requirement must correspond to the net 
amount of all energy leaving, less entering, the sys- 
tem in whatever form outside the boiler. The other 
assessment is based on the fact that the heat re- 
quirements can also be expressed as all energy en- 
tering the system as heat in the boiler. Note that 
by ‘leaving’ or ‘entering’ we mean going right out- 
side of the system or coming in from completely 
outside the system. Regenerative heat exchange 
within the system does not come in to either of the 
two statements of heat requirements. It will be seen 


later that the quantities of steam used for regener- 
ative feed heating appear naturally in the equations 
for other reasons. 

In expressing the energies entering or leaving the 
system it is essential that the true enthalpy condi- 
tion of the fluid at the point concerned in the sys- 
tem should be specified. If this is done it automatic- 
ally makes the necessary allowance for pumping- 
power requirements. The true enthalpy condition of 
water or steam can only be obtained directly from 
the steam tables in the case of saturated water, 
saturated steam, or superheated steam. In the case 
of mixtures of saturated steam and saturated water 
(wet steam) the true enthalpy is obtained indirect- 
ly by the proportions of the mixture. This is well 
known and familiar and is always done. The addi- 
tional condition which must be included in order to 
get accuracy in system heat balance calculations 
with automatic allowance for pumping power, is the 
true enthalpy of water at a pressure higher than the 
saturation value corresponding to its temperature. 
This is the usual condition of water in the feed sys- 
tem. 

For such conditions the true enthalpy should be 
strictly obtained from tables of thermodynamic 
properties of compressed water. Except for very 
high pressures and temperatures, however, a suf- 
ficient approximation can be obtained as follows: 

Water at 240°F and 800 psi. If the water were at 
saturation pressure at 240°F it would be at a pres- 
sure of 10.27 psi and would have enthalpy of 208.46 
Btu per lb and a specific volume of 0.01693 ft*/Ib. 
The extra pressure means that it has an additional 
enthalpy content of 


0.01693 (800— 10.27) 144 
778 


The true enthalpy condition of the fluid is, there- 
fore, 210.94 Btu per lb. It will be noted that the 
correction for the true enthalpy is appreciable. 

To avoid confusion an explanatory word may be 
given here about the points and conditions at which 
true enthalpies must be taken. Consider, for exam- 
ple, the effect of frictional pressure drop in the line. 
The expansion due to the minute rise of tempera- 
ture can be neglected. The velocity is therefore 
constant but the pressure has fallen. Some of the 
pressure energy has reappeared as heat. The tem- 
perature is therefore a little higher than it was be- 
fore. The pressure is down but the enthalpy remains 
the same hence in a section of line which is neither 
heated from outside nor cooled to outside and in 
which no pumping is done, the true enthalpy is 
constant. It is only necessary therefore to calculate 
the true enthalpy at any one point in such a line 
where the conditions can be known. In the same 
way, after passing through a valve the velocity 
energy in going through the valve is ultimately dis- 
sipated as heat and the enthalpy downstream of the 
valve is the same as the enthalpy upstream. 


Btu per lb = 2.48 Btu per Ib 
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With this clarified conception of enthalpy the 
statement of the heat requirements of the system 
in either of the two forms can now be clearly dis- 
cussed. 


FORMATION OF THE HEAT SINK EQUATION 


Energy goes out of the system either as external 
work or as heat given away externally. Considering 
the system specified at the beginning of the previ- 
ous section, there are only two sinks of external 
work. These are the main engine shaft and the gen- 
erator shaft. Denote the required main shaft horse- 
power expressed in Btu per hr as P and the re- 
quired generator shaft power as T,. Denote the 
supplementary shaft power absorbed by the elec- 
trically driven auxiliaries working on the feed sys- 
tem (for example, extraction pumps) by t,. All 
these powers are expressed in Btu per hr. 

Net work portion of heat requirements 


In order to get the net work in equation (1) tur- 
bines, generators, and electric motors of limited 
efficiency have to be used. The gross heat require- 
ments which correspond to equation (1) are there- 
fore greater to an extent depending upon the me- 
chanical and electrical efficiency of the units. The 
mechanical efficiency of the turbines implied here 
is due only to mechanical losses of gearing and parts 
outside the turbine casing and its effect may be in- 
cluded by dividing the power in equation (1) by 
mechanical efficiency em. (All friction and dynamic 
losses in the stream flow through the turbine ap- 
pear as reheat of the steam above the adiabatic ex- 
pansion condition, and the necessary thermody- 
namic losses associated with the operation of the 
heat engine are reflected in the steam exhaust con- 
dition and are not included here.) Then if the com- 
bined mechanical and electrical efficiency of the 
turbo-generator is e, and that of the electrically 
driven auxiliaries is e,, gross heat requirements 


en e, 
since the energy t, is supplied back to the system. 

Now the energy leaving the system in thermal 
form will be considered. There is first the heating 
services as defined at the beginning of the previous 
section. The thermal load corresponding to all of 
these can be summed and denoted by S. 

The only other ways in which energy can leave 
the system are where quantities of fluid enter the 
condenser and lose heat to the cooling water, and 
of course by radiation and convective loss from the 
system to its surroundings. 

We shall deal first with fluid entering the con- 
denser at enthalpy higher than that of the conden- 
sate. There will be various points at which such 
quantities occur and the total heat requirements 
due to this cause are obtained by summing the 
product of each quantity times the excess of its en- 


418 A.S.N.E. Journal, August 1960 


thalpy at entrance to the condenser above the en- 
thalpy condition of the condensate. It does not mat- 
ter at all what the previous history of the quantity 
was, all that matters is its enthalpy and amount 
entering the condenser. Thus such quantities in- 
clude the main exhaust steam, the bled steam which 
has been used for indirect feed heating, or bled 
steam used for the thermal services. They also in- 
clude air ejector steam and steam-to-glands con- 
denser. Moreover, if the exhaust of turbine-driven 
auxiliaries were used in any proportion for indirect 
feed heating and the drain was led to the condenser, 
such quantity would also be included in this por- 
tion of the heat amount. It is convenient to distin- 
guish only between two groups of such quantities, 
namely, quantities derived from bled steam and 
quantities derived from auxiliaries of the type men- 
tioned. Let the bled steam quantities be b,, b., b;, 
etc., denoted in general by b,. Let the correspond- 
ing enthalpies of the bled steam at extraction from 
the turbine be denoted by h,, h., hs, etc., denoted in 
general by h, and let the enthalpies at return to the 
condenser be denoted by h,’, h.’, h,’, etc., denoted in 
general by h,’. Then energy leaving the system due 
to this cause is heat leaving in bleed returns 


(3) 


Similarly for auxiliaries of the type described 
there will be, with similar definitions, heat leaving 
in auxiliary returns to condenser 


It must be noted that where any individual 
auxiliary steam amount W, does not drain to the 
condenser but is returned elsewhere to the feed 
system, it does not appear in equation (4), although 
as will be seen later it must be included in the heat 
supply equation. For example, turbo-feed-pump 
exhaust steam which normally enters the system in 
direct feed heating is omitted here although it ap- 
pears in the heat supply equation. In short the = in 
equation (4) is not to be taken over all W, terms 
but only over those which have an h,’, that is, a 
return-to-condenser enthalpy. 

The only remaining heat sinks are the turbine 
exhaust steam to condensers. First, the amount of 
this steam must be determined. This can be done as 
follows: 


(a) Considering the main turbine 
work obtained from the bleeds ==b,(h,—h,) 
k ired = —— 
work requir 
therefore work obtained from ultimate exhaust 
steam 
_xb,(hy—h,) 


work perlb =h,—h, 
Therefore amount of ultimate exhaust steam 
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€m(Ro—h,) ho—h, 


therefore heat leaving system by condensation of 
final steam 


(h,—h,) Xb, (ho—h,) (h,—h,) 
ho—h, ho—h, 


(b) For the turbo-generator turbine no bleeds can 
be assumed, hence 


work obtained = 
9 
work per lb 


P(ho—h,) 


H=S+L+ 


therefore amount of turbo-generator steam 


therefore heat leaving system by condensation of 
turbo-generator steam 
pat. (T,+t,/ea) (Reg—heo) 
(hog 

It remains only to include the heat losses L from 
the system outside the boiler by radiation and con- 
vection. Adding this to the equations (2)-(6) gives, 
after manipulation, the first equation for the heat 
requirements, namely, 


(Rog —h 


Cm (ho —h 


FORMATION OF THE HEAT SUPPLY EQUATION 


Energy enters the system from the boiler and this 
is all shown up in the change of enthalpy of the 
working fluid from its condition at economizer inlet 
to its outlet condition. 

It is assumed that all the working fluid enters the 
economizer at the enthalpy h; corresponding to feed 
temperature and feed pressure. This working fluid 
splits up in general into several outlets from the 
boiler, namely, W,, the main turbine steam, at con- 
dition h,, W, the turbo-generator steam at condition 
ho, and SW,, the steam supply to the various 
auxiliaries (the ~ in this case must be over all 
W.) each at condition ha. 


The heat supply from the boiler is, therefore, 
H=W,, (hy—hy) +W,(hog—hy) (8) 


But from above 
P =b,(h,—h,) 
b 
Wm ho —h, 
Therefore 


T,+t,/eq 
(Rog 
Hence the total heat supply is 
(ho—h;) Ty (Rog—hy) ty (Rog—hy) 
(ho— —h,) eo (Rog—hsg) eo (Rog—Reg) 


ho 


THE BALANCING OF THE SYSTEM 


The analysis so far has led to two basic equa- 
tions, (7) and (11). These express the heat require- 
ments of the system in two alternative forms, re- 
spectively, the sink form and the source form. While 
it is true that for a heat balance the expressions in 
equations (7) and (11) must be equal, we do not 
get very much further simply by equating them. 
Up to now there has been nothing in the treatment 
offered in this paper which could be regarded as 
essentially original nor as furthering appreciably 


- the handling of feed-system heat-balance problems. 


The next step is, however, while simple in theory, 
quite a novel procedure which has far-reaching con- 
sequences in simplifying the work of the feed sys- 
tem study and therefore it will be discussed with 
some care. 

Each of the two equations (7) and (11) when 
examined is seen to consist of two distinctive sets of 
terms, namely, (a) terms independent of bled steam 
draw-off enthalpies, and (b) terms including draw- 
off enthalpies. Thus we see that equation (7) may 
be expressed in the form 


If we equate (7a) to (11b) we get simply 
=(m,+2,)6,=A—B (12) 
which is not very helpful. 
The new mathematical device introduced in this 
paper is as follows. Normally, it will be desired to 


specify all the bled steam quantities in order to ac- 
complish certain services. But, of course, to obtain 
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balance with stated feed conditions at least one bled 
steam quantity will have to be varied. Therefore, it 
can be taken that to the various b, quantities, can 
be added a quantity b, bled from the turbine at con- 
dition h,, which is a balancing variable, all the 
others being fixed. Hence 


H=A—m,b,— m,b,.......... (7aa’) 
and 
H=B+n,b,+3n,b, ......... (11bb’) 


Equating (7aa’) and (11bb’) now serves a useful 
purpose because we obtain 


_A—B—X(m, +n.)b- 


My,+N, 
and hence by substitution 


My+Ny 


Equation (14) gives directly the exact heat re- 
quirements of the system, in which complete mass 
and thermal balance has been obtained. The quanti- 
ties A and B are, of course, known from the set sys- 
tem conditions and all the quantities b, have been 
specified to perform certain duties and the coeffi- 
cients m, and n, are defined by the stated bled 
points. The only other quantities in equation (14) 
are the coefficients m, and n, which again are de- 
fined by a choosable bleed point. Hence what equa- 
tion (14) does is to say: ‘If the system you have 
specified is to be balanced by a variable amount of 
bled steam drawn from the turbine at conditions 
defined by m,, n», the heat requirements of the sys- 
tem will be this amount.’ Equation (13) does the 
further job of showing what the balancing amount 
of bled steam at m,, n, will be. 

Now it is, of course, essential that to this mathe- 
matical device of a variable b, there must corre- 
spond in the system some physically possible ad- 
justable supply of bled steam. The essential char- 
acteristic of b, is that it is not specified in relation 
to any service or duty to be performed in the sys- 
tem. Its sole function is to achieve balance under 
the stated conditions. It is evident, therefore, that 
physically b, is a quantity which is used only for 
feed heating and for which the whole of the heat 
and the mass is returned to the system. It is, there- 
fore, simplest to regard b, as being supplied physi- 
cally as direct contact feed heating, that is, it is bled 
steam going to a device such as a deaerator. Phys- 
ically the bled steam heated direct contact heater 
is the mechanical device which corresponds to the 
mathematical device used to achieve balance. It 
does not matter whether b, is bled from the same 
point at which a b, for some service has already 
been specified. If this is the case then the total bled 
steam from the point will be b,+b,. Of this total, b, 
goes to perform the service and b, goes to the di- 
rect contact heater. 


420 
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THE SCHEME OF CONSTANT COEFFICIENTS 


When equation (14) is expanded using all the 
individual terms which are comprised in A and B 
a series is obtained of the form 
H= (coefficient) P+ (coefficient) T,+ (coefficient) t,+ 

= (coefficient) b,+ (coefficient) S+etc., ete. ...(15) 
that is, we see that the total heat requirement is 
given by the sum of a number of terms, each con- 
sisting of a constant coefficient multiplying some 
specified requirement of the system. The algebra 
gives the values of these coefficients. For example, 
the coefficient of P is 


Ny (ho—h,) +m, (ho—h;) 
(Ay (m,+n,) 


Thus to each specified quantity, such as P, there 
corresponds a partial heat requirement given by the 
product of the specified quantity and its appropriate 
coefficient. The total heat requirement is the sum 
of these partial heat requirements. 

For convenience a notation for these coefficients 
is required. A notation such as ap, ay ... etc. 
could be used, but it is suggested that it is more 
helpful and descriptive to use the notation 3H/éP, 
0H/oT, . . . etc., which has the advantages of in- 
troducing no new symbols and of describing clearly 
the fact that each coefficient represents the partial 
contribution to the heat requirement of one unit of 
its corresponding quantity. 


Thus, from equation (16) 
_ +m,(h )—h,) 
€m(ho—h,) (m,+ny) 


and the partial heat requirement due to shaft horse- 
power is 


Similarly the partial heat requirement of the sys- 
tem due to turbo-generator power requirements 
will be 


The final total heat requirement of the system is 
then obtainable by simple algebraic addition. 

In exactly the same way from equation (13), a 
set of partial variable bled steam quantities can be 
built up, that is, 


(20) 
ab,. 

(21) 


=p 

co 

= Dre 
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Sy: 

Dra 

ret 

sys 

Dra 
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0H dr: 
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aT 

Hr, aT, (19) 
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TasLe 1—Algebraic Formulae for Linear Coefficients 


_ 


Coefficient Formulae 


Dimensions 


Coefficient Formulae 


B,(ho—h,) +a,(h,—h,) 
(ho—hs) 


Number 


By, (Rog—Neg) +a, (hog—h;) 
eg (hog —hgg) 


Number 


ab, 
oP em (M,+Ny) (ho—hg) 


ab, 
oT, ey (m,+n,) 


eo 


Rog—Nag 


Number 


“Ob, B,(h,’—h-,) +a,n,—B,m, 


Drains 
returned to 
condenser 


Heat 
Weight 


Ot, eo(m,+n,) Rog—Nag 


ab, h,’—h, 
“ab, My+Ny 
Drains 
returned to 
condenser 


0H 
0b, 
Drains 
returned to 
system 


0H 
as 
Drains 
returned to 
system 


ab, 
ab, 
Drains 


ab, 
as My+Ny (m,+n,) (h,—h,’) 
Drains 
returned to 
system 


0H 
as 
Drains 
returned to 
condenser 


ab, 1 

as My+Ny h,—h,’ 
Drains 
returned to 
condenser 


0H 

as 
Condensate 

cooled distiller service 
drains returned to system 


0b, 1 /S-S, 


as S  h,—h,’ 
Condensate 
cooled distiller service 


drains returned to system 


0H 
as 
Condensate 

cooled 
distiller 
service 
drains 
returned to 
condenser 


ab, 1 


h, ™m, + Ny, 
‘SALT Tie 
Condensate 
cooled 
distiller 
service 
drains 
returned to 
condenser 


B,(h.’—h-,) +a,y(hg—hy) 


Drains 
returned to 
condenser 


My+n,  My+N, 


My+Ny 


1 
My+Ny 


Weight 
Heat 
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eH Heat ab Number 
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30H Number ab, 


ENERGY BALANCE 


“PROC. OF INST. OF MECH. ENGR.” 


Again these partial variable steam requirements 
are additive to give the final total requirement for 
a balanced system. 

The algebraic values derived from the expansion 
of equations (14) and (13) for all the coefficients 
are given in Table 1. 


There is only one further adjustment which re- 
quires to be made and this concerns the effect of 
the feed pump. The adjustment for its effect will be 
described in a later section. Meantime the position 
reached at present will be better understood by 


giving some examples. 


TABLE 2—System Conditions 


Main turbine 

10 psi to evaporator, hio 615 psia 850°F 
30 psi to low-pressure heater, ho 1434.9 Btu per lb 
30 psi to deaerator (balancing variable 986.54 Btu per lb 
130 psi to steam generator, his 


Bleed points 

10 psi to evaporator, hio 

30 psi to low-pressure heater, ha 

30 psi to deaerator (balancing variable 
bleed point), Ros 

130 psi to steam generator, his 


1108 Btu per Ib 
1173 Btu per lb 


1173 Btu per Ib 
1280 Btu per Ib 


Condensate temperature 
Condensate enthalpy, h. 


Turbo-generator 

Stop valve steam conditions 

Stop valve steam enthalpy, ho, 

Exhaust steam enthalpy, h., 

Mechanical efficiency X electrical 
efficiency, e, 


1434.9 Btu per lb 
1131.4 Btu per Ib 


28.5 in. of mercury 
91.6°F 
59.6 Btu per Ib 


Condensate temperature 
Condensate enthalpy, he, 


Air ejectors 

Steam supply conditions 

Steam supply enthalpy, h. 

1st stage drain to condenser enthalpy, 


2nd stage drain to feed tank enthalpy, 


Glands condenser 


Steam enthalpy to condenser, h.’(—ho) 1434.9 Btu per lb 
Drain to feed tank enthalpy, h.’,: 168.15 Btu per lb 


Surface feed hater 

Steam supply bled from turbine 
Steam supply eathalpy, hs 
Drain to conder ser temperature 
Drain to condenser enthalpy, he’ 


at 30 psia 
1173 Btu per lb 


Deaerator 


Approximate working pressure 
Approximate working temperature 


Turbo-feed-pump 
Stop valve steam conditions 
Stop valve steam enthalpy, h. 1204.5 Btu per Ib 
Pump and turbine combined efficiency | 
Exhaust at 30 psi (to deaerator) en- 
1126.97 Btu per lb 
1886 ft—2.424 Btu per Ib 
Therefore pump enthalpy input to water —4.040 Btu per lb 
Therefore h;=208.56-++-4.04—212.6 Btu per Ib 


Evaporator (single effect, sea-water cooled distiller) 


Steam supply bled from turbine 
Steam supply enthalpy, hio 

Drain to condenser, temperature 

Drain to condenser, enthalpy, hi’ 


Steam generator 

Steam supply bled from turbine 
Steam supply enthalpy, hizo 
Drain to deaerator temperature 
Drain to deaerator enthalpy, his’ 


Electrically driven system auxiliaries 
Consisting of: 
Main extraction pump 
Turbo-generator extraction pump 
Drain pump 
Generator efficiency (electrical < 
mechanical), e, 
Efficiency of auxiliaries (electrical 
mechanical), e. 95 per cent 
Generator efficiency < motor efficiency, eo 90.25 per cent 


Heat losses 
Due to radiation, gland leakage, etc., L..2,000,000 Btu perhr 
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EXAMPLE CALCULATION 


In Table 1 the algebraic formulae for all the 
linear coefficients are given. In Table 3 their arith- 
metical values for the stated set of steam, con- 
denser, and turbine conditions listed in Table 2 are 
given. The use of the method can be exemplified 
for a system as set out in Table 4. Figure 1 gives 
the diagram for this system. 


ADJUSTMENT FOR FEED PUMP 


There is one further difficulty to be disposed of 
before the use of the method may be exemplified. 
The energy consumed by the feed pump depends 
on the total quantity pumped and, therefore, on the 
actual requirements. Its effect is, therefore, to in- 
troduce a non-linearity into the system. To remove 
this directly a much more complicated scheme of 
coefficients is required and we have, therefore, pre- 
ferred to retain the simplicity of the present method 


and to add a simple adjustment for the feed pump 
effect, which may now be described. 


TURBO-FEED PUMP 


From the treatment in the section ‘Formation of 
the Heat Supply Equation’ for the various quanti- 
ties flowing in the system, it can be shown that the 
total feed quantity W is given by W=W,,+W,+=W,. 
Therefore, 


P T, t, 


(ae) 


In this expression all the terms are known con- 
stants except the bleed term corresponding to b, 
and the term for the feed-pump steam consumption 
which is one of the quantities included in SW,. 


TABLE 3 


Item Coefficient Value 


Value 


0H 


3.043541 


Main turbine 


3.421734 x 10-* 


Generator net electrical 0H 
aT 4.496214 


5.054918 x 10-* 


System electrical 


consumption 4.248690 


—4.204914 x 10-* 


Low-pressure heater 13.787144 


—0.972885 


120 


Steam generator 0.715933 


200 


db, 


S130, 200 


—0.074676 x 10-* 


0H 


0.370917 
os 


Evaporator 


0b, 
as 


0.417000 x 10-* 


Main air ejector 


drain to condenser 530.223285 


aby —0.908239 


511.602182 


0b, 


aw, —0.944872 


Turbo-generator ejector 


drain td condenser 530.223285 


aby —0.908239 


511.602182 


db, 


aw, —0.944872 


511.602182 


ab, 


—0.944 
0.944872 


630.437894 


0b, 


—1.164348 


0.48421 


ab, 


9.52588 x 10-* 
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TaBLE 4—System Values 


Main turbine 


Power output 
Power output, P 


Bleed points 

To evaporator, bio 

To low-pressure heater, bi 

To deaerator (balancing variable bleed 
quantity), bs, 

To steam generator, bis 


Turbo-generator 

Net electrical output 

Net electrical output, T, 
Electrical power to auxiliaries 
Electrical power to auxiliaries, t, 


Air ejectors 

Main turbine 

Steam supply quantity, W. 700 lb per hr 
1st-stage drain to condenser quantity, W. 400 lb per hr 
2nd-stage drain to feed tank quantity, W. 300 lb per hr 


Turbo-generator 

Steam supply quantity, W. 

1st-stage drain to condenser quantity, W. 
2nd-stage drain to feed tank quantity, W, 


Glands condenser 
Steam supply to glands, Was. ......... 300 Ib per hr 


Surface feed heater 
Steam supply bled from turbine, bs ...8000 lb per hr 


Deaerator 
Steam supply bled from turbine (bal- 
ancing variable), bso, » 


Turbo-feed-pump 
Stop valve steam quantity, W, 
Feed quantity, W 


Evaporator 
Steam supply bled from turbine, bi, evap. 2700 lb per hr 
Evaporation heat load, Sevap. .........- 2,556,360 Btu per hr 


Steam generator 


Steam supply bled from turbine, bi0 ..12001b per hr 


Electrically driven system auziliaries 
Total absorbed electrical supply 


Total absorbed electrical supply, t, ....102,390 Btu per hr 


Hence 
h,—h, 
h,—h, 

Now for the pump steam consumption and the 
amount of feed handled, since a specified overall 
efficiency is being assumed there will exist a rela- 
tion of the form 


w=K+( 


A clear distinction must be preserved between the 
law stated in equation (25) and the law for the 
steam consumption variation of any given turbo- 
feed pump with load. The latter is in general non- 
linear and even where a linear relation is a good 
approximation there is a substantial constant term 
representing the no-load consumption. The validity 
of equation (25) in the present treatment is that a 
particular turbo-feed pump has not yet been speci- 
fied—only a particular overall efficiency of turbine 
and pump combination and a fixed differential 
pumping pressure (included in h,;). Hence the 
steam consumption is directly proportional to load. 
The characteristic of a given turbo-feed pump in- 
cludes for the variation of pressure with load and 
it would be quite incorrect to use it in the present 
treatment since it would imply variation in h;. The 
correct procedure at the heat balance stage is to use 
the form equation (25) with an expected or desired 
value of k for the load at which balance is being in- 
vestigated (preferably normal load initially). Then 
a definite turbo-feed pump can be specified and its 
characteristic obtained from the makers. This will 
indicate the values of k for any other loads and 
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also the values of differential pumping pressure. 
These are used to give the different h; and different 
k required to investigate heat balance at different 
loads. 

Substitution from equation (25) into equation 
(24) and manipulation gives eventually 


K+ 


1—k 


W,= 


Now in using the method we shall first obtain all 
the partial variable steam coefficients and add them 
without including the one corresponding to the 
turbo-feed-pump quantity. This will give b,.. Hence 
the actual required balancing value for b, will be 


When this is used in equation (26) we obtain 
finally 


The required balance feed pump steam consump- 
tion is, therefore, given by equation (28) and the 
corresponding partial heat requirement and partial 
variable bled steam quantity are easily obtained for 
inclusion in the final totals. 

The full procedure will be most easily under- 
stood from the examples. 


Hen 


The 


“PR 
| ELEC 
: R 
.2700 lb per hr 
.8000 lb per hr 
. "1200 Ib per hr .. Unknown 
| 
Btu per hr Unknown 
whe 
.....-102,390 Btu per hr N 
fore 
_ 
cien 
120 Ib per hr ..30 kw 
80 Ib per hr 
PUM. 
It 
tem 
way 
pow 
by= bio (27) me 
v—VYvo0 aw, | ) pun 
k[ K+ ] 
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1—k [ 1+ a | 
ho—h, ow, 
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ELECTRICAL FEED PUMP 


Referring to equation (23) this may be rewritten, 
for the case of an electrically driven feed pump as 


P 


+ ty+top 
€m(hyo—hs) (hog —h,,) 


w= 
eo 


+ 


t 
) (Rog—Reg) 
where K is a constant. 
Now, assuming the pump efficiency i is fixed as be- 
fore, 


where C = head rise over feed pump/pump effi- 


ciency. 


Substituting for W in equation (29) 


The required balancing value for b, 
ab,, 
by= boot — ty 
When this is used in equation (31) it gives finally 
h,—h, 
c[K+;* bso | 
1 h,—h, eb 
Yue v 8 v 


PUMPS OTHER THAN FEED PUMP 


It will be understood that other pumps in the sys- 
tem should strictly be treated in exactly the same 
way as the feed pump. Since, however, their total 
power is very much less, the inaccuracy involved 
in using a guessed figure for the t, required for 
pumps other than the feed pump will not exceed 
0.1 per cent. 


CALCULATION OF FEED PUMP STEAM 


from equation (28) 


T, ty + 


>> 


102,390 
303.5 x 0.9025 


e»(h,—h,) 
+=W, 


_ 50,900,000  1023,900 
~ 448.36 0.95 * 303.5 x 0.95 


(33) 


293.46 
1200 x 775.36 8000 x +2700 3g 1200 


=119,500+ 3551+374+ 785 +3327 +731+ 1200 
= 129,468 lb per hr 


186.46 121.46 


W. 


W =0.052097 


—h, ab, 
—h, ow, 


= 1—0.052097 (1+ 0.415871 x — 0.944872) 
= 1—0.052097 x 0.607055 
= 0.968374 

byo= 10,931 Ib per hr 

Therefore 


0.052097 (129,438+ 


| 0.968374 
= 7210 lb per hr 
ab, 
b,=b, 9+ aw, ——-W, 
= 10,931—0.944872 x 7210 


= 10,931 —6813=4118 lb per hr 


w= 
ho—h, 


186.46 
448.36 x 4118+ 7210 


= 129,468+ 1713+ 7210 
= 138,391 lb per hr 


10,931 ) 


= 129,468+ 


Steam to main turbine condenser 


50,900 000 154.9 261.9 
We= 748.36 x0.95 gag.36 Gag 


326.9 
2700 x 778.36 


=119,500—415—7078— 1969 
= 110,038 Ib per hr 


Steam to main turbine 
Wr=W.+ Xb, 
= 126,056 lb per hr 


Table 5 and the above completes the calculation 
of the feed system, and is all that is required. For 
the purpose of this paper, we shall now show a 
check calculation which is normally unnecessary. 

Figure 1 shows the diagram for the system. The 
quantities deduced by the balance calculation are 
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1200 (130 Ib/in? abs.) 


[12118 |] (30 1tbfin? abs.) 


2700 STEAM 


EVAPORATOR 110 038 
LOW-PRESSURE 
HEATER 


Figure 1. Diagram of basic system 


in blocks. Those given in specifying the system are : =50,899,908 Btu per hr 
not in blocks. shp =19,999,963 

Ww 7210 Intended value 20,000,000 

Error less than 0.0002 per cent 

Check k W 138391 0.052099 

Intended value 0.052097 

Error less than 0.004 per cent Main Air Ejector 

121,138.4T = 400(1204.5—98) +300 (1204.5—168.15) 


HEAT TO TURBINE + 
AT 310,905 —6.220°F 


126,056 x 154.9 =19,526,074 121,138 

124,856 x (261.9—154.9) =13,359,592 Glands 

112,738 x (326.9—261.9) = 7,327,970 121,138.4T =300(1434.9—168.15) 

110,038 x (448.36 —326.9) = 13,365,215 
53,578,851 Btu per hr 


HEAT BALANCE 
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Turbo-generator Air Ejector 
4045.4T = 120(1204.5—98) +80(1204.5—168.15) 


__ 132,780+82,908 


4045 


=53.322°F 


Mixing of Turbo-generator and Main Circulation 
121,138 (91.6 + 6.220+-3.137) +4045 (91.64 53.322) + 
680 x 200 = 125,863T 
12,229,729 +-586,209 + 136,000 = 125,863T 


12,951,938 


T= 125,863 =102.905°F 


Low-pressure Heater 


125,863.4T = 8000 (1173 — 88.07) 


8,679,320 _ 


47 = 863 


Deaerator 


So far in the check balance no account has been 
taken of the heat losses or the heat returned to the 
system by electrically driven auxiliaries. To obtain 
the true heat value the above items must be taken 
into account. 


Heat losses = 2,000,000 Btu per hr 
Power absorbed by electrically 
driven auxiliaries =102,390 Btu per hr 


125,863 (102.905 +-68.952 —32) + 4118 x 1173+ 7210 x 
1126.97 + 1200 x 168.46 — 2,000,000 + 102,390 = 138,391H 


28,863,987 _ 

Racaerator= 138,391 = 208.568 Btu per Ib 
163,596,058 
W, (see p. 307) = 7210 lb per hr 
ow, 

Total heat supplied by boiler to system, 
Heat Added Due to Feed-pump Work 
7210 X 77.53 
pum 738 3913 Btu per lb 
Feed Heat 


h, = 208.568+ 4.039 
= 212.607 Btu per Ib 


Intended value 212.6 Btu per lb 
Error less than 0.0035 per cent 


THE ESTIMATION OF COMPARISONS 


The foregoing example will have made the use 
of the method clear in general. Now some examples 
will be given of its scope and the ease with which 
it may be used to establish comparisons. There are 
many things which can be varied but it will be suf- 
ficient to indicate the treatment for a few selected 
differences. 
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SYSTEM WITH ELECTRICAL FEED PUMP (FIGURE 2) 

In certain installations an electrical feed pump 
may be used instead of the turbo-feed pump. Con- 
sider now the previous example with an electrical 
feed pump in the system. For comparison purposes 
it will be assumed that the pump efficiency remains 
unaltered at 60 per cent and that the motor effi- 
ciency is 95 per cent. 


Then 
c[ K+ bro ] 
h,—h, 33 
ho—h, Ot, 
P T ty 


= : + + 
(ho—h,) em (Rog— ey (hog—heg) 


W, (see p. 307) = 7210 lb per hr 

ab, 

Balancing bleed to deaerator, lb per hr .......... 4118 
Therefore 


K=129,468 lb per hr (as for previous example) 
byo= 10,931 Ib per hr 


_ head rise over feed pump 1886 


rei . = =4.040274 
pump efficiency oo 


778 x 0.6 
Also 


1 h,—h, 0b, 
v 


—1—4,040274 ( 


x 4.204914 x 10-*) 


0.9025 303.3 448.36 
1— (0.014750—0.000707) 
=0.985957 


Therefore 


186.46 
448.36 
0.985957 


=549,165 Btu per hr 


4.040274 (129,468+ 10,391 ) 


top= 


Heat requirements for elec- aH 
trical feed pump =——t 


EVAPC 
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Figure 2. System with electrical feed pump 


= 4.248690 x 549,165 
= 2,333,232 Btu per hr 


Heat requirements for 
turbo-feed pump 


Change in heat require- 
ments 


Heat supplied by boiler to 
system 


3,688,652 Btu per hr 
= — 1,355,420 Btu per hr 


= 165,929,290 Btu per hr 
Saving on original system =0.81025 per cent 


Since the actual pump efficiency has not been 
changed, this saving is attributable to the substitu- 
tion of the more efficient electric motor drive for 
the turbine drive. 


To maintain the final feed temperature at its 
original value b, must be changed. 


The new b,=10,931+ 
9 


=10,931—4.204914 x 10-* x 549,165 
=10,931—231 


=10,700 lb per hr 


SYSTEM WITH TURBO-FEED PUMP OF HIGHER EFFICIENCY 
(FIGURE 3) 


The value K=0.052097 used in the basic system 
represents a turbine of 35 per cent efficiency and a 
pump of 60 per cent efficiency. 


In the first example the effect of using an elec- 
trical feed pump of tile same efficiency has been 
seen. It is of interest to note also the method of cal- 
culation for the effect of using a higher efficiency 
turbo-feed pump combination. A value of k will be 
taken as 0.0348 (turbine 45 per cent, pump 70 per 
cent). 


Hence, as on page 425 
W,=4770 


4W,=4770—7210 
= —2440 


4H=511.602182+ (—2440) 
= —1,248,309 Btu per hr 


Therefore 


Therefore 
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Heat supplied by boiler to system=166,036,401 Btu per hr. 
Therefore saving on original system = 0.74622 per cent 


(—2440) 


Figure 3. System with Turbo-feed-pump of Higher Efficiency 


=4118+ (—0.944872) (—2440) 
= 4118+ 2305 
=6423 lb per hr 


CHANGE OF SURFACE FEED HEATER DRAINS (FIGURE 4) 


In the first example surface feed heating was by 
8000 lb per hr of steam bled at 30 psia, at condition 
1173 Btu per lb, with drains returned to condenser 
at 120°F. One obvious change is that these drains 
may be led to the deaerator (pressure 25 psia). 
What will be the effect on the heat requirements? 


The value of @H/@bso, 12.9 for drains going to the 
condenser at 120°F was 13.787144. For drains re- 
turned to the system it is 0 in this case, since the 


bleed point we are considering happens to be iden- 
tical to the variable bleed. 


Change in heat requirements (due to change in 
bleed) 


= (0—13.787144) x 8000= — 110,297 Btu per hr 


€) 


The balancing bleed amount will also be altered 
and in consequence the W, value will change. 


The value of 0b,/@bs0, 12) for drains to the con- 
denser at 120°F was —0.972885. For drains returned 
to the system it is —1.0. 


AB yo=8000 (0.972885 —1) 


=—217 lb per hr 
byo was originally =10,931 lb per hr 
b,, will now be =10,714 lb per hr 


0.052097 ( 129,468+ 


0.968374 


10,714 
Therefore W, 


=7205 lb per hr 
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4W,=—5 lb per hr 


b,=10,714—0.944872 x 7205 
=10,714—6808 
New balancing bleed to deaerator 
=3906 lb per hr 


Figure 4. Change of Surface Feed Heater Drains 


186.46 

w= 129,468-+ 3906 + 7205 
=129,468+ 1624+ 7205 

= 138,297 lb per hr 


Change in heat requirements (due to change in feed- 


pump steam): 


4H,=511,602,182 x —5= — 2558 Btu per hr 


Total change in heat require- 


ments 


Heat supplied by boiler to 


system 


= —110,297 —2.558 
= —112,855 Btu per hr 


= 167,171,855 Btu per hr 


Therefore saving on original system is 0.06746 per cent. 


CHANGE OF SURFACE FEED HEATER STEAM SUPPLY 
(FIGURE 5) 


Another obvious change is that the surface feed 
heater might be supplied with bled steam at a dif- 
ferent pressure. We shall examine the effect of 
using 10 psia instead of 30 psia. 

The temperature rise with 8000 lb per hr at 30 
psia was 69°F. The same amount of 10 psia would 
give nearly the same temperature rise, so that the 
saturation end temperature difference would be 
23°F. This is still acceptable for heater design so we 
may still assume the same quantity. Drains will be 
returned to condenser at 120°F, since the pressure 
is now too low for supply to the deaerator. 

The change in heat requirements is therefore, 
that due to replacing 8000 lb per hr at 30 psia by 
8000 Ib per hr at 10 psia, that is, 


4H= ( X ) (a X bao ) 


= —142.707137 x 8000 —13.787144 x 8000 
= —1,251,954 Btu per hr 
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Figure 5. Change of Surface Feed Heater Steam Supply 


4H, must be found as in the previous example, 
remembering that the K value in equation (28) will 
be altered due to the change in bleed pressure. 


=— 0.932153 x 8000 + 0.972885 x 8000 
=326 lb per hr 


Abyo=( 


b,) was originally =10,931 lb per hr 
b,. will now be =11,257 lb per hr 
W,=7155 lb per hr (equation (28) ) 


4W,=—55 lb per hr 


b,,=11,257 —0.944872 x 7155 
=11,257—6761 


Therefore new balancing bleed 


to deaerator = 4496 lb per hr 


4H,=511.602182 x —55= — 28,138 Btu per hr 


= —1,251,954— 28,138 
Total change in heat require- 


ments = — 1,280,092 Btu per hr 
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Heat supplied by boiler to 


system =166,004,618 Btu per hr 


Therefore saving on original system is 0.765,22 per cent. 


EVAPORATOR WITH CONDENSATE-COOLED DISTILLER 
(FIGURE 6) 


The previous evaporator can be replaced with a 
unit using a condensate-cooled distiller. It is as- 
sumed that the evaporator performance ratio re- 
mains the same for both systems. 

Heat returned to system in condensate-cooled 
distiller 

S,=2,315,400 Btu per hr 
The value of 2H/déS for an evaporator with sea- 
water-cooled distiller was 0.370917. For a unit with 
condensate-cooled distiller is —0.067654. 
0H 
= (—0.067654 x 2,556,360) — (0.370917 x 2,556,360) 


= —172,948—948,197 
= —1,121,145 Btu per hr. 
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Figure 6. Evaporator with Condensate-cooled Distiller 


= 
ab,, ab, 
(55.*5) 
= (— 8.210908 x x 2,556,360) — 
a. (0.417000 x 10-* x 2,556,360) 
= — 2206 lb per hr 
re- 
was originally =10,931 1b per hr 
ed b,) will now be = 8725 lb per hr 
W,=7160 lb per hr (equation (28) ) 
4W,= —50 lb per hr 
th 
Therefore b,,= 8725 —0.944872 x 7160 
= 8725—6765 


Therefore new balancing bleed 
to deaerator 


= 1960 lb per hr 


4H,=511.602182 x —50= — 25,580 Btu per hr 


Total change in heat require- 
ments = —1,121,145—25,580 
= —1,146,725 Btu per hr 


Heat applied by boiler to 
system = 166,137,985 Btu per hr 


Saving on original system is 0.68549 per cent. 


THE PRACTICAL APPLICATION OF THE METHOD 


The author is conscious that at a quick look the 
paper may appear formidable because of the extent 
of mathematical symbols. In fact a close study will 
reveal that all the algebra is elementary and that 
the differential notation which appears is used only 
for convenience and for its practical significance, 
and does not indicate any advanced calculus. More- 
over, it should be emphasized that sections up to 
and including ‘Adjustment for Feed Pump’ consist 
entirely of the argument leading to the proof of the 
method and any engineer who wishes to use it can 
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neglect these sections entirely if he wishes. They 
are not required in the practical use. 


Again the work necessary in the practical use of 
the method is much less than might at first be 
thought because it can be considerably reduced as 
experience in handling it accumulates. Those fa- 
miliar with energy balance calculations will recog- 
nize that the tabulation of steam conditions, feed 
conditions, bleed point conditions, drain conditions, 
etc., is a necessary preliminary in any method. The 
additional work imposed by the present method 
consists of calculating the coefficients listed in 
Table 1. Not all of this work is additional to that 
required in any alternative method because it re- 
moves the need for the calculation of separate re- 
placement factors. Finally, any additional work 
which is involved at this stage is more than amply 
compensated for by the reduction of subsequent 
work once the tables of coefficients have been pre- 
pared. The effect of different amounts of bled 
steam for feed heaters, for ship’s services and so on, 
is obtained almost immediately with experienced 
handling of the calculations and always with the 
comforting knowledge that the required shaft 
horsepower and feed inlet temperatures have been 
exactly preserved. 


For practical use in any organization concerned 
with frequent energy balance calculations, the 
method can be systematized by the preparation of a 
stock set of tables for various steam conditions, feed 


To investigate the possibilities of applying automation to merchant 


conditions, etc. The preparatory work in building 
up this stock of tables is considerable, but once ac- 
cumulated gives very substantial advantages. By 
preparing such a stock set of tables and by systema- 
tizing the calculations, again in tabular form, the 
work can be done entirely as straightforward arith- 
metic by staff without advanced mathematical 
knowledge using standard office calculating ma- 
chines. The procedure can be made self-checking. 


CONCLUSION 


In conclusion it should perhaps be pointed out 
again that the examples given in the paper are only 
to illustrate the method. The system diagrams 
shown in Figures 1-6 include only the parts neces- 
sary to define and illustrate the examples and do 
not represent any actual feed system. An actual 
feed system would contain more elements and be of 
greater complexity, and the utility of the method 
in dealing with a more complex actual system is 
therefore still greater. 
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ships, the Maritime Administration has retained the Norden Division of 
United Aircraft Corp., Stamford, Conn., on contract basis. The optimum 
of automation—an unmanned ship sailing from pilot station to another 
without maintenance—will probably never be attained, but there are de- 
grees of mechanization which can easily be introduced, particularly as re- 
gards the propulsive plant. Much has been done along that line in the 
Navy and one of the guiding elements in the proposed study is the belief 
in administrative circles that ship automation can result in reducing the 
amount required for operating subsidies. In a recent speech, Vice Chair- 
man Thos. E. Stakem, of the Federal Maritime Board, stated that official 
opinion inclines to the belief that "many of the manual and mental tasks 
currently performed aboard ship can be mechanized. This might permit 
changes in crew manning scales to a highly skilled group who would be 
aboard to make decisions, and perform maintenance tasks. On semi-auto- 
matic ships seamen would be the link between information and command. 
The difference, when compared with present ship operation procedures, 
would be that his information would be developed automatically and his 
functions and commands would also be mechanically executed." 
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JUSTIN H. McCARTHY 


COMPARING FOUR METHODS 
OF MARINE PROPELLER DESIGN 


THE AUTHOR 


prepared this paper while a Society of Naval Architects and Marine Engi- 
neering post-graduate student (1957-58) in naval architecture at King’s Col- 
lege, University of Durham, Newcastle Upon Tyne, England. He is employed 
by the Electric Boat Division of General Dynamics Corporation, and is a 
graduate of Webb Institute. 


INTRODUCTION 


OY iets A NAVAL architect approaches an examina- 
tion of the world of propeller design he is likely to 
agree that James Joyce’s “world without end” is 
truthfully “whirled without aimed.” There are 
numerous paths which exist for the design of ma- 
rine propellers, and one is confronted with difficul- 
ties in comparing and evaluating these different 
paths. 

Four design methods have been applied by the 
writer to the calculation of propellers for a variable 
wake single screw Tanker and a twin screw Liner. 
The methods applied were those of Burrill, Eck- 
hardt and Morgan, Wageningen (according to Van 
Manen), and Hill, as outlined in the referenced 
publications. Each method, while based on the vor- 
tex theory calculation of lift, thrust and torque, 
differs in the initial assumption of the minimum 
energy loss condition, and in the correction factors 
applied for determining the camber and mean line 
pitch angle necessary to develop the required lift, 


thrust and torque. Burrill uses the Gutsche data 
for corrections, Eckhardt and Morgan use the Lud- 
wig-Ginzel camber corrections and Lerbs lifting 
surface corrections, Van Manen uses the Ludwig- 
Ginzel camber correction, and Hill uses empirically 
derived correction factors. 

The object of this paper has been to compare the 
four design methods considered, by application to 
the design of propellers for two widely differing 
ships. It is a hydrodynamic study, and all designs 
have been based on thrust identity. No detailed 
strength calculations have been made for the pro- 
pellers. Curves are presented showing the angles of 
resultant velocity distribution, lift distribution, 
camber ratio, incidence angle, pitch ratio, and 
effective pitch ratio. In addition the approximate 
pressure distributions have been calculated at two 
of the outer blade sections for each propeller, and 
the results plotted. Typical pressure distribution 
calculations are given in the Appendix. 
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MARINE PROPELLER DESIGN 


NOMENCLATTIRE 
axial inflow factor at propeller 
rotational inflow factor at propelle: 
moulded breadth 
= blade section length 
=average blade width from the tip to any sec- 
tion in Hill method.) 
. = blade area ratio 
blade section length 
block coefficient 
midship section coefficient 
vertical prismatic coefficient 
thrust coefficient 
= thrust coefficient based on ship speed 
C,; = ideal thrust coefficient 
= power coefficient 
. = ideal power coefficient 
= lift coefficient 
1 = NACA data design lift coefficient 
= drag coefficient 
= maximum propeller diameter 
= draft 
= effective horsepower 
= maximum camber of mean line 
arr 


= gap ratio in Hill method (g= Zs )) 


advance coefficient 
advance coefficient based on ship speed 
Goldstein function 
— thrust coefficient based on propeller revo- 
lutions 
= local thrust coefficient based on propeller 
revolutions 
= torque coefficient based on propeller revolu- 
tions 
= local torque coefficient based on propeller 
revolutions 
slope correction to lift angle, between theo- 
ry and experiment 
correction to no-lift angle. between theory 
and experiment 
l= blade section length 
LBP = length between perpendiculars 
LWL = waterline length 
n= propeller revolutions per minute 
n; = ideal propeller efficiency 
m = hull efficiency 
P/D = pitch ratio, where pitch is measured to the 
nose-tail line 


A p/q = pressure coefficient 
q.p.c. = quasi-propulsive coefficient 
R = maximum propeller radius 
r= radius at any blade section 
T = propeller thrust 
THP = thrust horsepower 
t= thrust deduction fraction 
t’ = local thrust deduction fraction 
V = ship speed in knots 
= speed of advance 


v 
= velocity distribution over an aerofoil sec- 
‘ tion at zero angle of attack 
Av _ velocity distribution over an aerofoil sec- 
Vv tion corresponding to the design load dis- 
tribution of the mean line 
=velocity distribution over an aerofoil cor- 
responding to the additional load distri- 
bution associated with angle of attack. 
W-=resulant inflow velocity ahead of blade 
section 
W’ = resultant exit velocity behind blade section 
w = Taylor wake fraction (mean) 
w’ = local wake fraction 
x = nondimensional radius (r/R) 
y = maximum camber of mean line 
Ay = curvature correction to mean line 
Z = number of blades 
p = mass density of fluid 
\ = advance coefficient based on speed of ad- 
vance 
A, = advance coefficient based on ship speed 
8B, = advance angle 
B;, @ = hydrodynamic pitch angle 
(¢ = pitch angle at any radius by the Hill 
method.) 
e — ultimate wake pitch angle 
x = change in angle during flow curvature past 
a blade section 
tan y = drag-lift ratio 
o = cavitation number 


(o = solidity in the Burrill method (o= 2 )) 
A = displacement 


Va 


An effort has been made to use the nomenclature 
adopted by authors in the list of references. As a 
result, in some cases different symbols are used for 
the same terms. Nomenclature not defined above is 
defined in the text of the paper. 
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MARINE PROPELLER DESIGN 


DESIGN PARTICULARS 


Following are the particulars for each of the pro- 
peller designs undertaken. 


Head above C 
n 


V (service) 
Taylor w (mean) 


t 

EHP (naked) 

EHP (service) 
1—t 


l—w 
Propeller Diameter 


Single Screw 
Tanker 
675’ 
98’ 
37.9’ 
57,570 tons 


19 
9,822 (model 
data) 
13,260 (esti- 
mated) 


1.23 
23'-2” 


Twin Screw 
Liner 
740’ 
97’ 
32.0’ 
39,300 tons 
574 
20’ 
147 rpm 
25.75 knots 
09 
.08 
35,600 (model 
data) 
43,700 (esti- 
mated) 


1.01 
19’-4” 


Number of Blades 5 
= 101.27V 


101.27V 


nD 
THP (service) — 


EHP (service) 


43,250 (total) 


_550 - THP (service) 
1.688 - V (1—w) 
5/2 (1.688 - V)" 


601,000 Ibs. 
(total) 


333,000 Ibs. 


1.090 543 (each) 


.182 (each) 


DETERMINATION OF WAKE VARIATION 


Given the Taylor wake fraction for the twin 
screw Liner and single screw Tanker, it was neces- 
sary to determine the radial distribution of wake. 
The Van Lammeren wake distribution was adopt- 
ed,!° adjusted and integrated to give the originally 
assumed wake according to the momentum mean 
given by Yamagata," 

(1—w’) rdr 


where = 


The wake variations are plotted in figures 1 and 2 
for the Liner and the Tanker. 


SELECTING THE OPTIMUM DIAMETER 
An optimum diameter was selected for the Liner 
and Tanker, and the four design methods under ex- 
amination used the same diameter for each propel- 
ler. Eckhardt and Morgan recommend taking 97 
percent of the open water optimum for twin screw 


2 


EcKMAROT € MORGAN 


MEAN w= .840 


ECKHARDT MORGAN 


Vo Vo 


B.A.R.= 780 B.A.R. =.843 


“Liner” Figure 3 


ships, and 95 percent of the open water optimum 
for single screw ships, as given by the Troost series. 
This reduction compensates both for scale effect and 
the open water testing of the model screws by 
Troost. The diameter found by this “experience” 
reduction was used for the Tanker propeller. 
Burrill has developed a method ' for systematical- 
ly determining the optimum diameter for wake 
adapted propellers. A wake variation is assumed 
for the ship. By placing smaller diameter propellers 
in this wake the mean effective wake acting over 
the disc increases, making possible higher propul- 
sive coefficients at diameters below the Troost open 
water optimum. The calculations are made using a 
series of K’;—J’ and K’,—J’ charts: which have 
been developed for B.A.R.=.50 and minimum drag. 
By calculating several diameters, the optimum di- 
ameter may be selected from a curve of diameter 
vs. q.p.c. 


where (1—t) is assumed constant, regardless of the 
diameter of propeller. Recent self propulsion tests 
of a tanker model by the National Physical Labora- 
tory have shown higher q.p.c.’s at as low as 90 per- 
cent of open water optimum diameter, and have also 
shown “t” to decrease with decreasing diameter. 

Calculations were made to predict the Burrill 
optimum diameters for the Liner and Tanker, and 
the results are plotted in figure 3. 
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5 

< 
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2 2 2. 19 to 2! 
D D (ft) 
Figure 3 


CONDITIONS OF MINIMUM ENERGY LOSS 


The Betz condition for the optimum efficiency of 
lightly loaded propellers is initially used by Hill for 
‘both the design of propellers in variable and uni- 
form wakes. The thrust distribution is then altered 
by Hill in order to reduce tip loading, consequently 
changing the values of tan, as determined from 
the Betz condition. The Wageningen and Eckhardt 
and Morgan methods use the Betz condition for 
propellers in a uniform wake; and the Burrill meth- 
od where x.z.tane=constant for the uniform wake 
is essentially the same as the Betz condition, since 
in both conditions the vortex sheets in the ultimate 
wake are assumed to move aft in rigid sheets of 
‘uniform pitch. 

In both the Burrill! and Eckhardt and Mor- 
gan °! methods, in deriving the optimum efficiency 
condition for a variable wake, the local thrust de- 
duction factor is assumed constant over the disc, 
while in the Wageningen method it is assumed that 

1-t 
1—t ) 


l—w 


Figure 4. Tanker 


Burrill Method. 
(based on Theodorsen) (10) 


CONDITIONS OF MINIMUM ENERGY LOSS 
Variable Wake 


x7rtane — constant 


It is evident that the q.p.c. vs. diameter curves 
plotted show higher q.p.c.’s at somewhat lower than 
the open water optimum diameters derived from 
the Troost curves. The curves are relatively flat 
over the range calculated, and indicate that the 
diameter may be varied considerably with only a 
small decrease in q.p.c. The Liner propeller diame- 
ter was chosen to be 19-4” and the Tanker, 237-2”. 
It is noted that the Tanker propeller diameter could 
have been reduced, according to the Burrill meth- 
od of selection. 


Despite the many conditions adopted for mini- 
mum energy loss, it has been shown on several oc- 
casions that the resulting propeller efficiencies do 
not vary greatly, and that no one of the above con- 
ditions is preferred over another from an efficiency 
standpoint. To quote,° 


From the point of view of overall efficiency, and apart 
from any consideration of cavitation or flow breakdown, 
there appears to be no material advantage to be gained 
from the adoption of a radial variation of pitch, both in a 
uniform and in a variable wake stream. 


The condition of minimum energy loss adopted 
predicates the thrust loading distribution for a pro- 
peller. This is evident when one compares the 
x.tan8 and x.tanf; curves for the Hill method, 
which deliberately reduces the loading near the tip 
and hub, with those for the other methods (figures 
4 and 5). It will be seen that the same difference is 


reflected in the Cy. 5 curves (figures 6 and 7) and 


x Tané Tan Taneé 


Figure 5. Liner 


Uniform Wake 


x7tane = constant 


Eckhardt & Morgan Method. _ tanB 

(based on Lerbs) (11) \1—w ) tang, 

Wageningen Method. 1—w’'\? tan@ 

(based on Troost & ) tang. =7:=constant 
Van Manen) (4) 

Hill Method. ‘ 
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MARINE PROPELLER DESIGN: 


CAMBER RATIO 


ATTACK ANGLE (0EG) 


Figure 8. Tanker 


@ 


CAMBER RATIO ATTACK ANGLE (DEG) 


Figure 9. Liner 


ultimately on the effective pitch curves (figures 10 
& 11). In calculating x.tan8 by the Wageningen 
method 97 percent of the RPM is used (scale effect 
correction), resulting in higher x.tan8 values than 
given by the other methods. Also, in calculating 
x.tanf, the Kramer 7; is reduced to correct for the 
difference between the pitch of the wake adapted 
screw and the comparable B-series screw. Thus, the 
higher x.tan@; values. These corrections applied by 
Wageningen in the first stages of a propeller design 
are essentially pitch corrections. (In making the 7; 
correction the thrust can no longer be determined 
from the C, distribution calculated.) The other 
methods make pitch corrections during the later 
stages of design, in allotting camber and incidence 


angle. 


FACE PITCH RATIO EFFECTIVE PITCH RATIO 


Figure 10. Tanker 


----- 
WAGENINGEN 


? “a 2 a 2? “ ue 
FACE PITCH RATIO EFFECTIVE PITCH RATIO 


Figure 11. Liner 


THRUST, DRAG, AND EFFICIENCY _ 
We have seen that the hydrodynamic pitch angle 
(Bi) is determined differently by each of the four. 
methods. All methods, however, employ, 


1 47.x.k 
= sin Bi tan 


to determine the circulation distribution. “k” is the 
Goldstein correction factor corresponding to B;, ex- 
cept by Burrill, where k corresponds to the ulti- 
mate stream pitch angle (ec). 

In the Eckhardt and Morgan and the Hill meth- 
ods, thrust and power are calculated from the ideal 
thrust and power distributions, assuming values of 
Cp. 

Cy 


Eckhardt and Morgan assume Cp=.008 for all 
sections, regardless of section thickness ratio or in- 
cidence angle. Hill, on the other hand, takes Cp as 
derived from Gutsche experiments where Cp is de- 
pendent on thickness ratio and incidence angle. The 
minimum value of Cp=.0075 occurs at zero inci-. 
dence angle and about .05 thickness ratio. Burrill. 
plots minimum C, values for aerofoil sections as a 
function of thickness ratio, and finds the minimum 
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Cp=.0082. It would therefore seem that the Eck- 
hardt and Morgan constant Cp=.008 is rather low 
and would consequently predict higher propeller 
efficiencies than the Hill and Burrill methods for 
propellers with high section thickness ratio. (See 
the Tanker and Liner propeller efficiencies given in 
Table IL.) 
TABLE I 
Propeller Efficiencies for: 


Burrill Method 
Eckhardt and Morgan Method 


The Burrill method assumes minimum profile 
drag and Ky and Kg are based on curves for 
B.A.R.=.50. For higher B.A.R.’s it is to be expected 
that the drag would be underestimated and conse- 
quently the resulting propeller efficiency would be 
too high. In the Liner design considerably higher 
B.A.R. ratios were adopted, the Burrill K’; and K’. 
charts therefore predicting high propeller efficien- 
cies. The expressions for K’; and K’, should there- 
fore be calculated for B.A.R.’s considerably higher 
than .50, rather than using the K’; and K’, charts. 

The expressions for K’; and K’g are: “ 


.x*.0 sin (é+r) 
(1—a’)? (1+tan’) .C,. — — 
Stan (¢+r) 
(tan ¢—tan .tan (¢+r) 
1+tan ¢ tan (¢+r) 


The Tanker propeller efficiency by the Burrill 
method is in good agreement with Hill, where 
B.A.R.=.584. For the Liner and Tanker propellers 
Eckhardt and Morgan predict higher efficiencies 
where C,=.008 appears low for the higher thick- 
ness ratios adopted. 


K’o 


where a’= 


DIVIDING UP CAMBER AND INCIDENCE ANGLE 
Burrill Method 
If camber is allowed to entirely develop the re- 
quired C,; at a given section, according to theory: 


1 


where a ory=theoretical no lift angle of camber. 
From experimental results, however, for a single 
aerofoil, 


@oactT— Ka, 


where K,,. is an experimental correction factor ob- 
tained from wind tunnel results and is dependent 
on thickness ratio and the position of maximum 
camber. 

When an aerofoil is in cascade, as is the case of a 
propeller blade, there is an effective increase in the 
resultant hydrodynamic inflow angle at each sec- 
tion due to a change in flow around each section. 
This increase in angle may be represented by Aa,: 


Aa,= Kay. 
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where Ka, is based on Gutsche’s experiments, and 
is a function of the hydrodynamic pitch angle and 
the cascade geometry. By Burrill’s method Aa, is 
added to the required incidence angle in order to 
compensate for cascade effect, and allows the cam- 
ber to develop its full experimental lift value, as 
shown below: 


mM Iu 


From cascade experimental data, the required to- 
tal no lift angle may be represented by: 


where K, is a slope correction to the C, curve in 
going from a theoretical aerofoil to an actual single 
aerofoil, and is a function of thickness ratio. K,, is 
the Gutsche slope correction to the C, curve when 
going from an actual single aerofoil to cascade, and 
is a function of the hydrodynamic pitch angle and 
the cascade geometry. 

It follows, therefore, according to Burrill that the 
total angle of incidence (a;) is: 


In converting the camber no lift angle (a,cr.) 
into the appropriate camber, Burrill uses: 


ky 
where i is based on the NACA aerofoil re- 
c 


sults‘ (i.e. for a=.8 mean line C;). 


In using the a=.8 mean line NACA data it musi be 
remembered that C,;’ is based on an angle of in- 
cidence as well as camber, and therefore the theo- 
retical camber no lift angle must be reduced ac- 
cordingly. 
Eckhardt and Morgan Method 

For viscous flow the a=.8 mean line is recom- 
mended where the camber ratio is equal to .0679 
C,.2 This camber ratio must be multiplied by two 
curvature corrections (k,, k.) which are functions 
of the expanded area ratio, and are based on Eck- 
hardt and Morgan’s evaluation of all numerical re- 
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sults available in propeller literature. Ludwig and 
Ginzel’s work on the curvature of flow at the half- 
way point of each section forms the basis for Eck- 
hardt and Morgan’s camber curvature corrections. 
Further, Lerbs’ work on the change of curvature of 
flow over the chord length is used to make up for 
the deficiency in pitch which results in applying 
only the Ludwig-Ginzel corrections. The addition- 
al corrections needed to make up for this pitch de- 
ficiency are put into angle of incidence. These cor- 
rections are necessitated by three factors: blade 
friction, ideal angle of attack of the mean line, and 
correction from lifting surface effect. The first two 
corrections are combined into one angle of attack 
a, which for the a=.8 mean line is: a,=1.15 C, 
degrees. Correction for lifting surface effect arising 
from the free and bound vortices is based on a sim- 
plification of Lerbs’ rigorous method of calculation.*® 
This lifting surface correction is made to the face 
pitch ratio, such that the final pitch ratio: 
P/D=z-x-tan (B,+a,) ) 
AP/D _ tan (B;+a,).7 
tan 


and a.=angle of attack from lifting surface effect.* 


AP/D 
P/D 


Wageningen Method 

Van Manen adopts the Karman-Trefftz profiles, 
which are built up of two circular arcs, and reads 
directly from cavitation charts for these profiles 
(theoretically calculated at shockfree entrance) the 
effective camber ratio required for a given thick- 
ness ratio and lift coefficient. The effective camber 
ratio found is then corrected for curvature of flow 
using the Ludwig and Ginzel curvature corrections 
(k); and, further, a friction correction is made 
where 35 percent of the frictional decrease in circu- 
lation is put into angle of incidence and 65 percent 
into a camber ratio correction. The friction correc- 
tion factor » is taken as a constant value of .75. 


where 1+ 


is at the .7 radius. 


geom.= 


f (1 ) 


Hill Method b’.C, 
Hill uses an empirical expression 15R(1—x) 
as the corrective addition to the theoretical lift co- 
efficient due to the flow around the propeller blade 
tip from the high pressure area on the blade face to 
ihe low pressure area on the back. The lift coeffi- 
cient, as corrected for tip flow, is obtained then by 
using the blade section camber theoretically re- 


quired to develop the given lift coefficient. Hill 
adopts a=1 camber, because at the time of his paper 
it was thought that this gave a nearly uniform pres- 
sure distribution (for shockless entry), and hence 
was best from a cavitation standpoint. Theoretically 
for a=1 camber a lift coefficient of 1.0 requires a 
camber ratio of .05515. Experiments, however, 
showed that only 74 percent of the theoretical lift 
is actually obtained, whereas for circular arc cam- 
ber 80 percent of the theoretical lift is obtained. For 
a=1 camber the remaining 26 percent of C, is put 
in angle of incidence. With an angle of incidence 
C,, is increased at the rate of .1097 per degree. 

In addition a curvature correction based on ex- 
periment is found, which is a function of the num- 


ber of blades and : and contrary 
(g sin¢— cosp 

to earlier experience, according to the Hill method 
decreases with an increasing number of blades. This 
additional C, required due to the curvature cor- 
rection is developed by putting half in camber and 
half in angle of incidence. The camber ratio re- 
quired for the curvature correction is .10 times the 
curvature correction expressed in terms of addi- 
tional C,. Hence circular are camber is added to the 
a=1 camber initially calculated. There is some con- 
fusion on this point in the Hill paper. The design 
example worked by Hill is done in the manner de- 
scribed above, and according to test results is found 
in excellent agreement with the actual propeller 
model performance. On the other hand, in the 
“Comparison of Experiment and Theory” given 
earlier in the paper, Hill states: 

.... several propellers were designed using a—1 camber 
for the theoretical lift and the tip correction and circular 
are for the curvature correction. The experimental thrust 
and power coefficients for the wide-bladed propellers D and 
E were considerably below the calculated values, but the 
reverse was true for the narrow bladed propellers F and G. 
. .. The results obtained with propellers D and E indicate 
that the combination of two different types of camber is 
not satisfactory since it cannot be presumed that each type 
of camber will perform the function for which it is intended. 
. . - In order to substantiate further the indications that the 
combination of circular arc and a=1 camber behaves as 
though all the camber were a circular are, propeller I was 
made. Propeller I was identical with propeller D in all re- 
spects including the camber ratio of each section, except 
that all the camber was circular are. The experimentally 
determined thrust and torque coefficients of propellers D 
and I were identical. 


Despite the fact that, according to Hill’s above 
experimental data, all the camber acted as if it were 
circular arc camber, the camber was calculated for 
the three designs included in this paper, as Hill does 
in his worked example. Later, in evaluating camber 
in terms of no lift angle, the camber is considered 
to be all circular are camber. 
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McCARTHY 


; COMMENTING ON CAMBER AND INCIDENCE ANGLE 


‘Camber Ratio 


Regardless of the various data and different mean 
‘lines adopted by the four methods in determining 
the appropriate corrections to camber and incidence 
angle, it is interesting to note that all but the Bur- 
rill method require approximately the same camber 
‘ratios at the .7 radius for the Liner and Tanker 
designs (see figures 8 and 9). The Burrill method 
gave lower camber ratios at the .7 radius. Those 
required for the Burrill designs were based on the 
‘theoretical realtionship between camber and lift 
coefficient given in Reference (7) for an a=.8 mean 
line: 


where K, and K,., are experimental correction fac- 
tors for slope and camber no lift angle.’ Burrill, 
however, in the Discussion Section of Reference 
(1) has pointed out that the theoretical relationship 
should be taken as .10 (not as .079 as given in Ref- 
erence (7) for NACA 66 mean line) when using 
NACA four-digit type centerline cambers. It is to 
be supposed that similar increase should be made 
for the a=.8 mean line. Because no data was avail- 
able, however, the calculations made for the two 
Burrill Designs adopted .0679. 

Eckhardt and Morgan reduce camber to zero at 
the tip, and Hill’s camber approaches zero. Hill also 
reduces camber near the hub, whereas Burrill calls 
for continually increasing cambers at the inner 
radii. The Wageningen method increases camber at 
both the inner and outer radii. This increase in cam- 
ber by the Wageningen method at the outer radii 
shows bad cavitation characteristics (to be dis- 
cussed later). 


ANGLE OF INCIDENCE AND PITCH RATIO 


The curves of incidence angle (figures 8 and 9) 
allowed by the Wageningen method show much 
lower values than obtained by the other methods. 
Actually, the Wageningen incidence angles would 
be higher than indicated, if measured from the same 
norm as used by the other methods. The curves of 
incidence angles plotted were measured from the 
calculated hydrodynamic pitch angle, which it will 
be remembered was increased in the first stage of 
the Wageningen design by reducing the Kramer 
m. This is evident in the pitch ratio curves for the 
three designs (figures 10 and 11) where the Wagen- 
ingen pitch is in better agreement with those cal- 
culated by other methods. While the agreement is 
better, it will be remembered that the Wageningen 
incidence angles are purposely kept low, with hope 
of attaining shockless entry. 

The Liner and Tanker designs show good agree- 
ment on incidence angle between the Burrill, Eck- 
hardt and Morgan, and Hill methods at the .7 ra- 
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dius. Attention is called to the comparatively very 
high values of incidence angles determined by the 
Burrill method at the inner radii for the Tanker 
and Liner. (This is also reflected in the pitch ratio 
curves.) The Gutsche cascade correction factors 
(K., and K,,) determined from limited wind tun- 
nel experiments require high incidence angles at 
the inner radii where the data show that cascade 
effect plays a major role. Recent work in propeller 
design has taken a skeptical view towards the va- 
lidity of these Gutsche cascade corrections. 


EFFECTIVE PITCH RATIO 


Effective pitch ratio may be interpreted as a 
measure of the intended thrust loading distribution 
on a propeller. 

effective pitch ratio=xz.tan (8\+a\+a,) 
where a,=incidence angle measured to the nose tail 
line and a,=camber no lift angle. The Eckhardt and 
Morgan and Burrill methods both employ expres- 
sions for determining a,. The (A) effective pitch 
ratio curves (figures 10 and 11) for the Eckhardt 
and Morgan and Burrill methods are based on these 
expressions.* The (B) curves and the Wageningen 
and the Hill effective pitch ratios have all been cal- 
culated on another basis, where camber is evalu- 
ated by means of one expression, regardless of the 
type of mean line. It is assumed that the lift con- 


tribution of camber, C,,=10 =, and that it may be 
converted into camber no lift angle by means of the 
theoretical relation Cui or a.=91.2 =. The 


mean effective pitch ratios have been calculated 
(Table II), where: 


Mean Effective Pitch Ratio= r:1-Eff-P/D 


TABLE II 


Mean Effective Pitch Ratios for: Liner 
Burrill Method (B) 1.211 
Eckhardt and Morgan Method (B) 1.205 
Wageningen Method 1.253 
Hill Method 1.210 

{ 


If the .7 radius is considered the basis for com- 
parison, all four methods show fair agreement on 
the effective pitch ratios needed for the Liner and 
Tanker (see figures 10 and 11). The mean effective 
pitch ratios calculated by the Hill and Eckhardt and 
Morgan methods show excellent agreement for each 
design, whereas the Burrill and Wageningen effec- 
tive pitch ratios for the Tanker are considerable 
higher. The Burrill mean effective pitch ratio for 


*By the Eckhardt and Morgan method a,= 
139 C,°) for NACA a=.8 mean line and by the Bur- 


rill method a,=K,,. 
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the Liner is in good agreement with that calculated 
by the Eckhard and Morgan and Hill methods. 
When comparing propellers designed by these 
several methods it is doubtful whether mean effec- 
tive pitch ratio is a justifiable basis for comparison. 
While the overall agreement may be good on this 
basis, the actual lift contribution of camber and in- 
cidence angle at particular radii may not be as was 
intended by the several methods. Effective pitch 
ratio, or mean effective pitch ratio as a basis for 
comparison, would truly be justifiable only for a se- 
ries of propellers where the correction factors of 
one method had been used in apportioning camber 
and incidence angle to develop the required thrusts. 


CAVITATION 


The Eckhardt and Morgan and the Wageningen 
methods of propeller design employ incipient cavi- 
tation charts in selecting the minimum length of 
blade sections at outer radii for supposed cavita- 
tion-free operation. Eckhardt and Morgan use 
NACA section data and Wageningen uses Karman- 
Trefftz profile data. The blade widths required by 
the latter to develop the same lift (see figures 1 & 
2) are greater at the outer radii than those required 
from the NACA section incipient cavitation charts. 
For the twin screw Liner the blade widths given by 
the Karman-Trefftz profile data at the outer radii 
were exceedingly high; consequently, reduced 
widths were arbitrarily adopted. (i.e. at the .70 ra- 
dius only 91 percent of the chart width was adopt- 
ed.) In both methods 80 percent of the cavitation 
number (c) based on resultant stream velocity is 
used for entering the charts. The blade outline se- 
lected from the NACA data according to Eckhardt 
and Morgan has also been assumed for the Burrill 
and the Hill designs of the single screw Tanker and 
the twin screw Liner. 

The following table gives the expanded blade 
area ratios which resulted from using the incipient 
cavitation charts for the Liner and Tanker propel- 
lers, and the expanded areas recommended by the 
Burrill cavitation chart.!”7 The Burrill chart is based 
on actual ship data, and for the Liner and Tanker 
the expanded blade area ratio given by the chart 
is that appropriate to the normal merchant ship line. 


Expanded Blade Area Ratio 


Liner (4 blades) .... - 
Tanker (5 blades) .. 584 


It is noted from the above that the Burrill ship 
data allows lower blade area ratios; that the in- 
cipient cavitation charts for Karman-Trefftz profiles 
and circular are mean line require higher blade 
area ratios than the NACA section charts require. 


843 (adopted) 
642 


Unfortunately, the use of cavitation charts in se- 
lecting blade widths does not take account of the 
effect of changes in incidence angle on the pressure 
distribution. It is desirable, therefore, after having 
selected the blade width, face pitch, and camber of 
the propeller sections, to check the pressure distri- 
butions at the outer sections. Since each method of 
design under investigation divides lift between cam- 
ber and angle on incidence in different ways, it was 
decided to analyze the resulting pressure distribu- 
tions by an independent line of reasoning. The final 
geometric cambers derived by each of the methods 
were converted to effective cambers and cavitation 
was evaluated in terms of the theoretical pressure 
distributions given for NACA sections and mean 
lines.’ The remaining lift, not developed by camber, 
was assumed to be developed by angle of incidence. 

In developing the corrections to geometric cam- 
ber in order to evaluate the theoretically effective 
camber the following method is used: 

Theoretical effective camber= (geometric cam- 


ber) -Ks:K.,= where K.,.. is the correction to 


the camber no lift angle in going from the experi- 
mental value of no lift angle to the theoretically 
required no lift angle for a given C, value. Ks is a 
slope correction to the line relating C, and lift 
angle to the theoretically require lift angle for a 
given C,. Ks and K., are derived from extensive 
single aerofoil experimentation and are plotted by 
Burrill in terms of thickness ratio.’* 


A 
Take— as the curvature correction to camber in 
going from the single aerofoil to an actual propeller 
section working in cascade. In evaluating at 


it is assumed that the induced axial velocities occur 
before and after the propeller disc, and not in way 
of the disc, and that the entire rotational velocity 
is induced between 10 percent ahead of a blade sec- 
tion leading edge and 10 percent behind the section 
trailing edge,’® and that the curved flow follows a 
circular arc which passes through these two points. 

The angle x in the diagrams below therefore 
represents the total change in angle during flow 


Flow Curvature 


Velocity Diagram 
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where X 


and 


a= 


444 


A.S.N.E, Journal, August 1960 


Table Ill 
Ap C. (integrated) Ap 
(required) 


99 
98 


1.04 
1.05 


1.05 
1.04 


1.00 
195 .243 1.04 


1,05 


151 214 1.01 
1.05 


1 5 

Ay 1 5 
2 


X 


sin f= — =— . 
96 * 
l+a 
-1 =e 
=tan (tan 


(tan B,—tan B)tan(8,+r) 


I * 


tan-'(tan 8.(1+a)) 


tan(8\+r) 
tan 


A 
The ~ curvature correction to camber is in effect 


a macroscopic correction. It is a correction only to 
the maximum camber ratio of a section and is mere- 
ly a device for allowing one to predict the total con- 
tribution of camber to lift. In general, the pressure 
reduction on the forward portion of the back of a 
propeller blade would be greater, and on the after 
portion less, than is predicted by this method of 
calculation. In addition, if there is considerable 
contraction of the slipstream behind the propeller, 
the angle will be overestimated by this method. 
Thus, the value of effective camber would be un- 
derestimated, resulting in a higher contribution of 
incidence angle to the lift developed. In any case 
the prediction of face cavitation at the leading edge 
would be a conservative one, while a thus calculat- 
ed absence of back cavitation would be subject to 
review. 

The pressure distributions around two of the 
outer radii sections were calculated by the above 
method for all of the Liner and Tanker designs, and 
the plotted pressure distribution curves (figures 12 
and 13) checked for total C,. Integration of the 
curves showed the total C,’s to be from 2 percent 
lower to 5 percent higher than the required C, 
values. This error was not considered excessive, 
and Table III is based on the corrected pressure 
distributions. Typical pressure distribution calcula- 
tions are given in the appendix. 
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Figure 12 


In entering the NACA incipient cavitation charts, 
Eckhardt and Morgan recommend using .80, and 
the calculations made on the resulting sections in- 
dicate a pressure reduction of from .760 to .88e. 
Using the same blade outline and same type of sec- 
tion for the Burrill method shows a pressure reduc- 
tion of .7le to .80c, and for the Hill design, which 
uses a different NACA section and mean line, there 
is a pressure reduction of .640 to .77c. The lower 
value, .640 occurs at the .9 radius, where the thrust 
loading has been reduced in the Hill method. The 
Eckhardt and Morgan, Burrill, and Hill designs for 
the Liner and Tanker therefore appear cavitation 
free (not in way of the leading edge), by a sub- 
stantial safety margin. It is supposed that the blade 
widths for all the designs could be reduced at the 
outer radii if a reduction in this margin were ac- 
cepted. Certainly the Hill designs could have the 
widths reduced near the .9 radius where the thrust 
loading has been reduced. 


The Wageningen Liner design, with the increase 
in camber ratio which the method prescribes at the 
outer radii (see figures 8 and 9), is in danger of 
cavitation. The calculated pressure reduction at the 
.90 radius exceeds the available « by 10 percent. 
The other radii calculated for the Liner and Tanker 
show pressure reductions of from .680 to .86c. 

In several cases there is a marked reduction in 
pressure near the back of the leading edge, due to 
the fact that NACA data was used, whereas in an 
actual shaping of the nose, with a generous nose 
radius, the pressure reduction would be reduced. 
Also, any thin trailing edge sections would be modi- 
fied. It is probably safe in assuming from the pres- 
sure distribution diagrams calculated that there is 
no danger of back cavitation at the leading edge. 
The Wageningen designs, however, at the .90 radius 
indicate face cavitation at the leading edge, which 
is no doubt caused by the adoption of very little 
incidence angle (see figures 8 and 9). 
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SOME CONCLUDING REMARKS 


The four design methods have been applied in 
their entirety, beginning with the condition of 
minimum energy loss and ending with the selec- 
tion of appropriate pitch ratio and camber ratio. 
Because no attempt has been made to establish 
agreement between the corresponding steps of each 
method, there are few points at which a quantita- 
tive comparison may justifiably be made. The value 
of this paper has been to show the relative effect of 
the several different paths followed by each method 
considered. These effects have been graphically 
shown and discussed in some detail in the text of 
this paper. A further study could be made, where 
for each propeller a common optimum load distri- 
bution is calculated and starting with this as a base, 
the mean line pitch and camber ratio are selected, 
using the different data of the several methods. This 
study would make possible a quantitative compari- 
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Figure 13 


son between the mean line pitches and the camber 
ratios given by each method. It would then remain 
for the propeller designer to determine, with the 
aid of this information and experimental data for 
the designed propellers, which method is desirable 
for a given design. 
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Typical Pressure Distribution Calculation 
SINGLE SCREW TANKER, .7 radius; Eckhardt and Morgan Design 


A. Section Particulars: 
t/e = .057 
tan B = .200 
C, = .2430 


tan (r+8;) 
tan 


(tan 8; —tan B) - tan (r+f\) 


=.0392 


1+tan f; tan (r+f;) 


_ tan 
~ tan 


, = .946 (Ref. 16) 


. (1—a’) —1=1.543 
l+a 


) —tan“ [tan 8. (1-+a)]=.0241 rads. 
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ns Kao = .890 (Ref. 16) 
= = .0227 
in 
a- =F y = .0025 
c 
. 
Effective camber, = .0202 
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B. Pressure Distribution (Ref. 7): 
Section: NACA 66-006, a=.8 mean line 
C,;=1.00, (y/c) ;=.0679, (t/c) ,=.06, a,=1.54° 


x 025 05 10 30 50 .70 


80 90 95 


(5) 967 695 474 .245 161 .102 .075 .047 .030 
i 


For Section under consideration: 


ag =| =1 | (950) +1 


/ 


wr 

Face: ma 
10089959983 994 995 977 940 937 928 
Aq lor 

(4) —.130 —.177 —.255 —.286 —.306 —.279 —.205 -—.026 —.071 the 
op! 

(4) Face = — .0006 .010 014 .012 .010 045 116 122 Th 
o=cavitation number=.383 

_(See Figure 12 for plot of pressure distribution.) ’ 

in 

Time and material studies of four ships from 120 to 3500 tons in an - 

East German shipyard showed that 22-40 welder hour, 60 to 77 pounds “9 

of electrodes and 880-1300 cubic feet of gases were required per ton - 

of ship weight. Conversion from manual to submerged-arc welding re- her 
sulted in better utilization of yard area. in 
Experiments with a corona-discharge torch consisting of a tungsten ere 
electrode surrounded by nitrogen, CO:, argon or hydrogen and powered tec 

by a I-kw triode at 27 ke showed that the flame was too unstable for inf 
practical use. However, tungsten and molybdenum wires, steel sheet | 
0.032-inches thick, refractories and quartz could be melted or welded. " 


—from WELDING JOURNAL 
May 1960 
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ENGINEERING AND CONSTRUCTION 
CORPS UNITED STATES NAVY 
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; HISTORY of the United States Navy has been 
written not only by the officers and men who 
manned and fought her ships, but also those who 
designed and built them. Although the devices of 
the Engineering and Construction Corps are no 
longer worn by officers on active duty, the part that 
these two corps of specialists played in the devel- 
opment of the Fleet will always be remembered. 
The functions of the former Bureau of Construction 
and Repair and the Bureau of Engineering are now 
being continued by the Bureau of Ships. 

When the National Government was organized 
in 1789, there were no vessels of war and no Navy. 
Such maritime matters as arose were under the 
administration of the Secretary of War. Although 
the Federal Government desired to consolidate its 
position at home and to avoid involvement in mat- 
ters abroad, the actions of the Mediterranean pirates 
in capturing American ships and enslaving their 
crews indicated the need for a naval force to pro- 
tect our shipping and to uphold the honor of the 
infant republic. 

An act of Congress, approved on 27 March 1794 
to “Provide a Naval Armament,” authorized the 
procurement or construction of six frigates. The 
act included language indicative of the desire to 
avoid the creation of a permanent Navy: “.. . if 


peace shall take place between the United States 
and the Regency of Algiers, that no further proceed- 
ing be had under this act.” 

When it was determined that the frigates would 
be built by the Government, the Secretary of War 
procured the use of private shipbuilding sites and 
employed civilian naval constructors to build the 
vessels. The sites, the ships, and the construc- 
tors were as follows:' 


Portsmouth, N.H. James Hackett 


Boston Constitution, 


44 guns 
President, 


44 guns 
United States, 
44 guns 
Constellation, 
36 guns 
Chesapeake, 
44 guns 
In addition to his duties as constructor in charge 
of the building of the United States, Joshua Hum- 
phreys was also designated “Principal Constructor 
for the Navy.” 

Before any appreciable work was accomplished 
on the frigates, the Treaty with Algiers was signed 


George Claghorne 
New York Forman Cheeseman 
Philadelphia Joshua Humphreys 
Baltimore David Stodder 


Gosport (Norfolk) Josiah Fox 
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on 5 September 1795. The keels had been laid for 
all six vessels, and construction of the Constitution, 
the United States, and the Constellation had made 
some progress. 

The treaty with Algiers did not include Tunis 
or Tripoli, so conditions in the Mediterranean were 
still unsettled. To complicate the maritime picture 
further, our relations with France under the Direc- 
tory were anything but friendly, and American 
vessels were being captured. Public sentiment was 
aroused and, by an act of 20 April 1796, Congress 
authorized the completion of the three vessels 
started under the 1794 act. Any material not re- 
quired for the three frigates was to be sold, and 
supplies of other materials held for future use. The 
three vessels were launched between May and 
October, 1797. 

As the foreign situation worsened, it became 
evident that a better administration of naval affairs 
was required, as well as a stronger Navy. An act 
of Congress of 27 April 1798 authorized the con- 
struction, purchase, or hire of 12 additional vessels, 
not to exceed 22 guns each; and, by an act of Con- 
gress of 30 April 1798, the Navy Department was 
created. The appointment as Secretary was offered 
to George Cabot, who declined; so Benjamin Stod- 
dert became the first Secretary of the Navy, with 
Joshua Humphreys as his principal assistant.* 

THE 1800 Navy 


By 1800 the Navy consisted of 53 vessels, some 
built by the Government, others purchased, and 
still others built and donated by private citizens.‘ 
To support this growing fleet, tracts of live oak 
were secured to provide materials for shipbuilding; 
the manufacturing of materials and supplies for 
the building, repair, and maintenance of vessels 
was encouraged; and six Navy yards were es- 
tablished at the locations selected for the original 
construction program of 1794, except that the site 
of the new capital, Washington, was substituted 
for Baltimore. 

During the Jefferson administration, 1801-1809, 
the only active yards were Boston and Washing- 
ton. Emphasis was placed on the construction of 
gunboats for harbor defense, for the policy was 
one of isolation. Although the Navy won high praise 
for operations against Algiers, its strength was 
permitted to decline, so that the Navy was woefully 
weak when war with England broke out in 1812. 

The 1812-1815 period saw shipbuilding expand 
greatly, for this war was fought primarily at sea. 
The ships built by civilian naval constructors on 
the eastern seaboard, and on the Great Lakes and 
Lake Champlain, were to a large measure respon- 
sible for the successful conclusion of the war. The 
experiences of a sea war had pointed up the in- 
adequacy of the small organization available to the 
Secretary of the Navy. By an act of Congress, ap- 
proved 7 February 1815, the Board of Naval Com- 
missioners was established, consisting of the three 
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senior captains of the Navy, to act as advisors to 
the Secretary. 

It was during the War of 1812 that the first steam 
vessel of the United States Navy was authorized. 
Congress, by an act of 9 March 1814, authorized 
the construction of one or more floating batteries 
for the defense of the harbors of the United States. 
Under this authority, the first steam vessel of war 
of any country was designed and built by Robert 
Fulton. The Demologos, or Fulton, was not com- 
pleted until it was too late for use under wartime 
conditions. After tests, the Demologos was moored 
at the Brooklyn Navy Yard and was used as a 
receiving ship until her destruction by a magazine 
explosion on 4 June 1829. Since the Demologos 
was not used as a cruising vessel, Navy personnel 
did not operate the boilers or machinery. The 
machinery was operated briefly prior to her berth- 
ing at Brooklyn, by the employees of the builder’s 
works.°® 

The next steam vessel of the Navy was the 
100-ton galliot, Sea Gull, which was purchased in 
New York and used as a dispatch boat in the cam- 
paign against piracy in the West Indies in 1823- 
1825. No record shows the names of Navy person- 
nel in charge of her machinery; so it is assumed 
that the same engineering crew who had operated 
her before purchase operated the machinery until 
she was laid up in 1825. 

STEAM FOR THE NAVY 


Although steam as a means of propulsion had 
been accepted for merchant ships, the Navy was 
apparently convinced that it was a passing fancy 
and that sails and wind were the proper means of 
propelling men-of-war. However, the Secretary of 
the Navy, by a letter of 26 June 1835, called the 
attention of the Board of Navy Commissioners to 
an act of Congress of 26 April 1816, which provided 
funds for the construction of steam batteries, and 
directed the Commissioners to proceed with the 
construction of a steamer.’ 

While the Board felt competent to proceed with 
the hull of the vessel, they advised that they were 
not qualified to arrange for the procurement of the 
machinery and requested authority to employ an 
engineer. Mr. C. H. Haswell, who had had experi- 
ence in the steam engineering field, was employed 
in February 1836 to prepare plans for the ma- 
chinery. On 12 July 1836, he was appointed Chief 
Engineer of the Fulton, the second ship of that 
name. Mr. Haswell became the first person to hold 
the position of steam engineer in the Navy.’ 

The Fulton was launched on 18 May 1837, and 
on 1 September 1837, Captain Matthew C. Perry 
was placed in command. The choice of Captain 
Perry to command the vessel, which was to become 
the first seagoing steam man-of-war of the Navy, 
was an excellent one. He foresaw the role that, 
steam propulsion would play and appreciated the 
value and need for engineers. He demanded of his 
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line officers vision broad enough to accept the new 
order of things. An order of 31 October 1837 
authorized the appointment of assistant engineers 
and the recruitment of firemen and coal passers. 
Whether the “sailing” Navy liked it or not, engi- 
neers had become part of the Navy. 

To identify the new class of seagoing personnel, 
the Secretary of the Navy on 21 November 1837, 
in reply to a letter from Captain Perry, authorized 
him to prescribe a uniform for engineers. The Perry 
uniform was based on the current uniform regula- 
tions, those covered by the “Naval General Order” 
of 1 May 1830. While the dress uniform of sea 
officers, surgeons, and pursers was a double- 
breasted blue coat with a standing collar, the engi- 
neers’ coat was patterned on the undress double- 
breasted coat with a rolling collar. The collar was 
specified to be of black velvet, which also had 
been specified for the collars of undress coats of 
surgeons. The balance of the uniform was like that 
of other officers; only chief engineers, however, 
were authorized to wear cocked hats and gold 
bands 1% inchces wide on their blue cloth caps. 
Other engineers wore the blue cap, without the lace 
band, for both dress and undress.® 

In order to identify the various grades of engi- 
neers, a chief engineer wore a gold embroidered, 
five-pointed star 114 inches in diameter on each end 
of the collar; a first assistant, two silver stars; a 
second assistant, a silver star on the right side of 
the collar only; and a third assistant, one on the 
left side. All engineers wore three large Navy 
buttons around the tops of their cuffs.’° 

The uniform regulation of 1841 made no pro- 
visions for the dress of engineers, for officially 
they were not officers of the Navy.! The 1841 
regulations contained the same undress coat as 
the previous order, so the uniform of engineers un- 
doubtedly was carried forward as designed by 
Captain Perry (figure 1). However, a portrait of an 
engineer shows the collar to be of the same blue 
cloth as the coat.!* the 1841 regulations had re- 
moved the velvet from the surgeons’ collars. 

In February 1842, the Secretary of the Navy 
reported to Congress that there was no authority 
to secure the services of engineers, stating: “. 
they can be employed only under some other name. 
Their pay is unascertained and dependent on pri- 
vate contract, and their rank in the service and 
position in the ship are equally undetermined.” 
By an act of Congress dated 31 August 1842, the 
creation of an Engineer Corps was authorized, with 
a ‘skilful (sic) and scientific officer” as chief at 
$3000 a year. The act also authorized the Secre- 
tary of the Navy to prescribe a uniform for engi- 
neers. 

BUREAUS AUTHORIZED 


The present bureau system of technical man- 
agement of the Departments of the Navy was au- 


Figure 1—The “Perry” uniform worn by Naval Engineers, 
1837-1852. 


thorized by an act of Congress of 31 August 1842. 
The expansion of the United States, a correspond- 
ing growth of the Navy, and the growing import- 
ance of steam for propulsion required a better 
system of management and technical responsibility. 
Five bureaus were created: Bureau of Navy Yards 
and Docks; Bureau of Construction, Equipment, 
and Repair; Bureau of Provisions and Clothing; 
Bureau of Ordnance and Hydrography; and the 
Bureau of Medicine and Surgery. Each bureau was 
under a chief, who was responsible to the Secretary 
of the Navy. 

The act specified that the Chief of the Bureau 
of Construction, Equipment, and Repair was to be 
“a skilful naval constructor.” However, this in- 
struction was ignored, the first chief of this bureau 
being a Navy line captain. Congress reiterated the 
requirement in an act of 3 March 1853, and the first 
civilian naval constructor to be chief of the Bureau 
was Samuel Hartt.’ 

The first official publication which included 
uniforms for engineers was the “Regulation for 
Uniform and Dress of the Navy of the United 
States” approved 8 March 1852, effective 4 July 
1852. It would appear that engineers were tolerated 
but not accepted, for while line officers, surgeons, 
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and pursers wore double-breasted full-dress coats 
with standing collars, engineers were given a single- 
breasted coat with but one row of nine buttons! 
Other civil officers, chaplains, professors, secre- 
taries, and clerks also had single-breasted coats, 
with varying numbers of buttons. 

As a device, all engineers wore on each side 
of the collar a wheel embroidered in gold, with a 
silver anchor in front of it and a wreath of oak 
leaves and acorns (figure 2). The classes of engi- 
neers were indicated by the buttons around the 
cuffs: Chief engineers had three large Navy buttons 
around the upper edge and three small ones in the 
openings (figure 1); first assistants, three medium 
size buttons; second and third assistants, no but- 
tons around the cuffs. Only chief engineers were 
entitled to wear epaulets, which were of gold 
bullion, the strap being of silver with an old Eng- 
lish “E” embroidered on it in gold (figure 3). Chief 
and first assistant engineers were authorized to 
wear black cocked hats with a loop of four gold 
bullions over the cockade. 

When in full dress, other engineers wore the 
blue cloth undress cap. The cap device for all 
engineers was the wheel and anchor of the collar 
of the full dress coat placed in a wreath of olive 
and oak branches above a band of gold lace 1 inch 
wide (figure 4). Figure 3—Chief engineers’ epaulets. 

For undress, engineers had a single-breasted blue 
coat with a rolling collar and no collar insignia. 
The rank of engineers was shown by the same but- 
ton arrangement on the cuffs as on the full dress 
coat. Only a chief engineer was permitted to wear 
shoulder straps on his undress coat. They were 4 
inches long and 1% inches wide, bordered with %4- 
inch embroidery in gold with the old English “E” 
in the center (figure 5). Chief and first assistant 
engineers could wear either caps or cocked hats in 
undress, while other engineers wore the cap. 


COCKED HATS FOR ENGINEERS 


By an order of 1 January 1853, second and third 
assistant engineers were authorized to wear cocked 
hats, and first assistants were given gold lace 


Figure 4—Engineers’ cap device (1852). 


Figure 2—Collar device for engineers’ full dress coat Figure 5—Shoulder strap, chief engineer (1852). 
(1852). Wreath and wheel in gold; anchor in silver. cere - ae 


shies 
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shoulder straps 4 inches long and % inch wide 
bordered with gold beading % inch wide. The straps 
for second assistants were the same size, but of blue 
cloth edged with ¥%-inch gold cord. 

A General Order of January 1859 conferred 
relative rank on engineers; chief engineers of more 
than 12 years’ service ranked with commanders; 
chief engineers of less than 12 years’, with lieu- 
tenants; first assistants, next after lieutenants; 
second assistants, next after masters and third 
assistants with midshipmen. This action of the 
Secretary of the Navy was confirmed by an act of 
Congress of 3 March 1859. 

A regulation of 8 February 1861 brought the 
uniform of engineers more closely into conformance 
with that of line officers. Coats were made double- 
breasted, and chief engineers were instructed to 
wear on their cuffs the same number of strips of 
gold lace as worn by those officers with whom they 
had assimilated rank, dispensing with the large 
buttons. Chief engineers of over 12 years’ service 
wore two 34-inch wide stripes and those under 12 
years, one stripe. The letter “E” was removed from 
the epaulets and shoulder straps of chief engineers, 
and the collar device was removed from the full 
dress coat of all engineers. 

All engineers were permitted to wear an em- 
broidered edging, gold, 4% inch wide, around the top 
and down the front of their standing collars. The 
wheel and anchor device was removed from the 
wreath of the cap and replaced by a cross of four 
live oak leaves in silver (figure 6). Although the 
order did not mention a device for epaulets and 
shoulder straps to replace the “E”, a copy of the 
regulations of 1852 in the Navy Department Library 
has a correction sheet pasted in showing the strap 
of a chief engineer of over 12 years’ service with 
the oak leaf cross in the center and an acorn at 
either end, similar to those worn by senior surgeons 
(figure 7). The strap of a chief engineer of less 
than 12 years’ service had the cross of oak leaves 
in the center and no end devices. It is also indi- 
cated that the cap device was modified to include 
the cross of four live oak leaves (figure 8). 

The growing recognition that steam, not sail, 
was to be the source of propulsion and the tremen- 
dous expansion of the Navy required for the Civil 
War indicated an immediate need for the reorgani- 
zation of the Navy Department. Congress, by an act 
approved 5 July 1862, provided for the expansion 
of the bureau system of management of the Navy 
Department by increasing the number of bureaus 
to eight. The functions of the Bureau of Construc- 
tion, Equipment, and Repair were distributed 
among the new Bureaus of Equipment and Recruit- 
ing, Construction and Repair, and the Bureau of 
Steam Engineering. A Bureau of Navigation was 
added to make up the eight. 

The first Chief of the Bureau of Steam Engineer- 
ing was Chief Engineer Benjamin F. Isherwood, 


Figure 6—Corps device adopted for Naval Engineers in 
1861 and worn until the engineers were amalgamated into 


Figure 8—Cap device (1861). 


who had been Engineer-in-Chief since 1861 and 
who, in large measure, had been instrumental in 
directing the transition from sail to steam under 
the former Bureau of Construction, Equipment, and 
Repair. 

UNIFORM OF 1862 


The uniform regulations, issued in a General 
Order of 31 July 1862, abolished the full-dress coat 
of all officers and specified that the undress frock 
coat would be used with epaulets and cocked hat 
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for full dress; with cap and with or without epaulets 
and cocked hat for undress; and with cap and 
shoulder marks for service dress. The cuffs were 
closed and plain, and all officers wore stripes of 
gold lace on their sleeves to designate rank or as- 
similated rank. Staff officers were ordered to wear 
the epaulets, shoulder straps, and cap devices as 
prescribed prior to 1862. Chief engineers of more 
than 12 years’ service, ranking with commanders, 
wore two %-inch wide gold lace stripes on their 
sleeves, 3% inch apart with a stripe of %4-inch lace 
between them; chief engineers of less than 12 
years’ service, ranking with lieutenants, wore a 
stripe of 34-inch lace and a stripe of ™%4-inch lace 
4 inch above it; first assistants, who ranked next 
after lieutenants and actually with masters, one 
stripe of 34-inch gold lace; second assistants, rank- 
ing after masters and actually with ensigns, a single 
Y4-inch stripe; while third assistants, who ranked 
with midshipmen, had no sleeve lace and wore 
medium-sized buttons on their coats in lieu of the 
large buttons of more senior officers. 

By a General Order of 13 March 1863, the rel- 
ative rank of staff officers was increased and, in 
addition, naval constructors, chaplains, professors 
of mathematics, secretaries, and clerks were given 
relative rank. The relative rank established for 
engineers was as follows: 

Fleet Engineers to rank with Captains. 

Chief Engineers, after 15 years since date of com- 

mission, to rank with Captains. 

Chief Engineers, after 5 years since date of pro- 

motion, to rank with Commanders. 

Chief Engineers for the first 5 years after pro- 

motion to rank with Lieutenant Commanders. 

First assistant Engineers to rank with Masters. 

Second Assistant Engineers to rank with Ensigns. 

Third Assistant Engineers to rank with Midship- 

men. 
The relative rank for naval constructors was: 

Naval constructors of more than 20 years’ service, 
to rank with captains; those of more than 12 years 
with commanders; and those of less than 12 years 
with lieutenant commanders. Assistant naval con- 
structors ranked with masters. 

Chiefs of bureaus of the staff corps ranked with 
commodores and took precedence with each other 
according to the dates of their individual commis- 
sions and not according to their dates of appoint- 
ment as chief of a bureau. 


UNIFORM OF 1864 


New regulations for the dress and uniform of 
the Navy were issued on 28 January 1864. How- 
ever, it appears that portions of these new regula- 
tions had become effective prior to that date, for 
illustrative plates in the Navy Department Library 
show a new system of indicating rank on the sleeves 
by means of the number and spacing of %4-inch 
gold lace, with a gold star for line officers and 
without the star for staff officers. 
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New corps devices and modifications of the 
arrangements of rank and corps insigna on shoulder 
straps were “adopted” on 15 July and approved by 
the Secretary of the Navy, Gideon Welles. No order 
placing these changes into effect prior to 28 Janu- 
ary 1864 has been found; but a circular of 21 
December 1863 addressed to the commanders of 
Navy yards and squadrons states that the “new” 
instructions concerning shoulder straps and cap 
devices were not being obeyed and directed con- 
formance. However, since no issuing order can be 
located, it appears that the use of the star as a 
device for line officers was effective officially on 
28 January 1864. 

Under the 1864 regulations, epaulets, cocked hats, 
and sword knots were abolished during the war, 
and the frock coat with shoulder straps and the 
cap were prescribed as the uniform for all occasions. 
Rank and corps were shown on the shoulder 
straps, and all officers wore varying numbers of 
stripes of gold lace % inch wide on their sleeves, 
the line officers wearing a gold star 1 inch in 
diameter above the top stripe. All officers wore 
a wreath of oak and olive branches as a cap device; 
line officers from the rank of commodore down, 
a silver foul anchor within the wreath, while staff 
officers wore the device of their corps in the wreath. 
In effect, both on the shoulder straps and in the 
cap devices, the anchor was the device of the line, 
the exception being that a rear admiral wore two 
silver stars in the center of the wreath of his cap 
device. 

The device of the Engineer Corps was similar 
to that established in 1861, but somewhat stylized 
(figures 9a to 9g). The device of the Construction 
Corps was described as “. . . a sprig, composed of 
two leaves of live oak in silver . . .” The wearing 
of the device on the shoulder straps varies some- 
what (figures 10a to 10f). A chief of a bureau wore 
a silver star on the corps device; staff officers with 
the relative rank of captain had a silver spread 
eagle standing on the device; while officers of 
lesser relative rank wore their corps device in the 
center of the strap with a rank device at either end; 
silver oak leaves for commanders; gold oak leaves 
for lieutenant commanders; two gold bars for lieu- 
tenants; a single gold bar for masters; and no end 
devices for ensigns. Staff officers, ranking with 
midshipmen, did not wear shoulder straps. 


UNIFORM OF 1866 

The uniform regulations issued after the Civil 
War on 1 December 1866 reinstated the body coat, 
cut to the waist in front and with tails, to be worn 
as part of the full dress uniform for special occa- 
sions, and the same regulations restored the 
epaulets and cocked hats. A common cap device to 
be worn by all officers except naval constructors, 
chaplains, and professors of mathematics was ap- 
proved. This cap device was a silver spread eagle, 
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Figure 9f—For Second Assistant Engineers. Figure 10e—For Assistant Naval Constructors. 
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Figure 10f—Cap device for Naval Constructors. 


with the eagle’s head turned to the right, standing 
on an embroidered foul anchor which was in an 
inclined position. Naval constructors wore as their 
cap device the corps insignia in a wreath of oak 
and olive branches. Third assistant engineers who 
were warrant officers wore their corps device in 
the wreath. 

Rank was indicated on the sleeves by the same 
arrangement of %-inch gold lace stripes as under 
the 1864 order, except for commodores, who had 
a single stripe of 2-inch lace, and rear admirals, 
who wore a stripe of 1-inch lace with a stripe of %4- 
inch lace above it. The star was used to indicate 
line officers, while staff officers omitted the star 
from above the sleeve lace. 

The arrangement of the devices on the epaulets 
and shoulder straps varied according to rank. Com- 
modores and captains wore their rank devices in 
the center with a corps device at either end. Officers 
from commander to ensign wore the corps device 
in the center with rank devices at either end, 
except that ensigns had no rank devices. The foul 
anchor served as the corps device for the line. The 
device of the Engineer Corps was that previously 
ordered, a cross of four live oak leaves, while that 
of the naval constructors was modified slightly. 

The 1866 regulations authorized a single-breasted 
sack coat with a row of five medium-sized but- 
tons to be worn as “service dress.” Rank and 
corps were indicated by wearing the devices on the 
collar on either side, the rank device with the corps 
insignia behind it. No rank stripes were worn on 
the sleeves, but line officers wore the star. 

A new cap device was prescribed by a General 
Order of 11 March 1869 for all commissioned offi- 
cers; a silver shield, with two crossed anchors in 
gold behind it, surmounted by a silver spread eagle 
facing right. For naval constructors, this device 
replaced the wreath with the corps insignia in the 
center. 

By General Order No. 90 of 1 April 1869, the 
Secretary of the Navy advised that, in accordance 
with a decision of the Attorney General of 29 March 
1869, the portion of the Navy Regulations of 1863 
which referred to relative rank was cancelled. The 
only officers entitled to and given relative rank by 
Congress were surgeons, paymasters, and engineers, 
and their relative rank would be in accordance with 
previous acts of Congress. Naval constructors lost 
their rank, and fleet engineers and chief engineers 
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with more than 12 years’ service were to rank 
with commanders; chief engineers of less than 12 
years’, with lieutenants; first assistant engineers, 
next after lieutenants (actually with masters); 
second assistants, next after masters and so with 
ensigns; third assistants, with midshipmen. 

This general order was reflected in the uniform 
regulations approved 14 July 1869, for reduced 
ranks were shown for staff officers, and naval con- 
structors, who reverted to civilian status, were 
omitted. Since no officer below the rank or assimi- 
lated rank of lieutenant wore shoulder straps, all 
assistant engineers now wore gold embroidered 
shoulder loops. Staff officers did not wear the 
anchor of the line on their loops, so only the rank 
devices were shown. First assistant engineers wore 
a silver bar at each end of the pad; second as- 
sistants, a single silver bar in the center; third 
assistants, no device. 


COLOR IN UNIFORM 


A major change in these uniform regulations, 
and one that lasted until 1921, was the assignment 
to each staff corps of a distinctive color to be 
worn between the gold lace rank stripes on the 
sleeves. An officer who was entitled to but one 
stripe of lace wore the colored cloth of his corps 
showing % inch on each side of the gold stripe. 
The color assigned to engineers was red. 

The cap device to be worn by all commissioned 
officers and midshipmen after graduation was a 
silver shield with two crossed foul anchors in gold 
behind it, surmounted by an eagle facing left. This 
device was quite similar to that worn today, except 
that now the eagle faces right under a change of 26 
April 1941. Sleeve lace arrangement was approxi- 
mately that used today, except that lieutenant com- 
manders wore two 44-inch stripes; lieutenants, a 
inch stripe with a %4-inch stripe above it; masters, 
a single 44-inch stripe; and ensigns, a %4-inch stripe. 

Congress, by an act of 3 March 1871, reestab- 
lished relative rank for certain staff officers. Navy 
Regulations Circular of 1 December 1871 published 
the new rank structure, again assigning relative 
rank to naval constructors. The first ten chief en- 
gineers and the first two naval constructors were 
given the relative rank of captain; the next fifteen 
chief engineers and the next three naval construc- 
tors, of commander; the next forty-five chief engi- 
neers and the remainder of the list of naval con- 
structors, lieutenant commander or lieutenant; first 
assistant engineers and assistant naval construc- 
tors, lieutenant or master; and second assistant 
engineers, master or ensign. 

Since the insignia of naval constructors had 
been omitted for the 1869 uniform regulations, a 
uniform circular was issued on 21 March 1872, di- 
recting naval constructors to wear the same uni- 
form as that of officers of the line with whom they 
had relative rank, omitting the star from the sleeves 
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UNIFORMS & INSIGNIA 


and assigning dark violet cloth as the corps dis- 
tinction. The device of the Construction Corps was 
a sprig of two live oak leaves and an acorn, em- 
broidered in gold. This was similar to the device 
first authorized in 1864. 


UNIFORM OF 1874 


A change in uniform regulations, dated 7 Novem- 
ber 1874, changed the sleeve stripes of a lieutenant 
commander to the two and one-half stripes worn 
today by this rank and assigned lieutenants two 
%-inch stripes. The next change which affected 
the uniforms of naval constructors and engineers 
was contained in a uniform circular of 16 January 
1877. This change to the uniform instructions of 
1876 provided a new service coat for all officers 
of the Navy, the single-breasted standing-collar 
coat that lasted until after World War I. Rank 
or assimilated rank was shown by means of lustrous 
black braid stripes on the sleeves in the same 
arrangement as the gold stripes on the special full- 
dress and frock coats. However, the star of the 
line and the colored cloth of the staff corps were 
omitted. Rank was also shown on the ends of 
the collar by the same devices used on the shoulder 
straps and epaulets, with the corps devices omitted. 
As a result, the service coat did not indicate an 
officer’s corps. 

The arrangements of lace to indicate rank were 
changed by a circular of 10 August 1881; masters 
now wore one and one-half stripes, ensigns a 14- 
inch stripe, midshipmen, a %4-inch stripe. General 
Order No. 305, of 31 March 1883, changed the rank 
of master to lieutenant, junior grade; and midship- 
men, during their 2 years at sea after graduation, 
were called ensigns, junior grade. 

The uniform instructions approved 1 November 
1883 directed that corps devices be worn behind 
the rank insignia on the standing collar of the blue 
service coat, line officers wearing a silver foul 
anchor. The device worn by engineers as pictured 
in the uniform regulations of 1886 is shown in 
figure 11, and that of naval constructors in figure 
12. The arrangement of sleeve lace (black braid, 
not gold) was the same as that worn today, except 
for the additional rank of ensign (junior grade), a 
Y%4-inch stripe. 

Engineers had been seagoing officers of the Navy 
from the date they were first employed in 1837 
to operate the machinery of the Fulton II, but they 
had not had the pay, rank, or promotional opportu- 
nities of officers of the line. The Naval Personnel 
Act of 3 March 1899 amalgamated engineering 
officers with the line. Younger officers were per- 
mitted to qualify for general line duties, while the 
More senior and older officers were restricted to 
shore assignments or responsibilities in their spe- 
ciality..» The Engineer Corps passed out of exis- 
tence, and with it the device of the cross of four 
live oak leaves. 


Figure 13—Construction Corps device (1922) all gold. 


Although there were changes in the naval uni- 
form and in the wearing of devices, the major 
change which affected all staff officers was con- 
tained in a change in uniform regulations, dated 16 
November 1918, effective 1 July 1921. This order 
eliminated the colored cloth designations of the 
various staff corps and provided that the corps 
devices embroidered in gold would be worn above 
the gold rank stripes on the sleeves of blue uni- 
forms and on the shoulder marks worn on the white 
service coats, mess jackets, and overcoats. 

Since 1921, all officers of the Navy have worn 
the same uniform, rank being indicated by stripes 
or metal devices and the corps, by means of de- 
vices. The device of the Construction Corps, as 
shown in the uniform regulations approved 20 
September 1922, is described as a “...sprig of two 
live oak leaves, spreading, with an acorn on the 
stem between the leaves, . . . embroidered in gold.” 
This is basically the original device worn by con- 
structors (figure 13). 


A.S.N.E. Journal, August 1960 457 


AT,” 
1 12 = 
ers, 
iced 
all Figure 11—Engineer Corps device (1886) all silver. 
ank 
as- “4 ae 
ons, 
nent 
tee Figure 12—Naval Constructor Corps device (1886) all gold. 
This 
om- 
ters, 
ripe. 
tab- 
lavy 
shed 
tive 
en- 
vere 
teen 
ruc- 
ngi- 
con- 
first 
ruc- 
tant 
had 
di- 
uni- 
eves 


UNIFORMS & INSIGNIA 


“BUSHIPS JOURNAL” 


The reorganization of the Navy Department in 
1862 had created three bureaus concerned with 
shipbuilding and repairs: Steam Engineering; Con- 
struction and Repair; and Equipment and Recruit- 
ing. In 1889, the handling of enlisted personnel 
was transferred to the Bureau of Navigation; addi- 
tional functions of the Bureau of Equipment were 
transferred to other bureaus. As a result, the Bu- 
reau of Equipment was abolished by the Naval 
Appropriations Act of 30 June 1914. As more and 
more electrical equipment was installed aboard 
ship, it became evident that the name of the Bu- 
reau of Steam Engineering was not descriptive of 
its duties, so on 4 June 1920, it became the Bu- 
reau of Engineering.’ 


THE BUREAU OF SHIPS 


The two bureaus having the major responsibility 
for the design, construction, repair, and main- 
tenance of ships were the Bureau of Construction 
and Repair, and the Bureau of Engineering. In 
order to place the responsibility for closely related 
matters in one location, and in the interest of effi- 
ciency, the Bureau of Ships was established by an 
act of Congress of 20 June 1940, taking over the 
functions of Construction and Repair, and Engi- 
neering. By an act of Congress of 25 June 1940, 
the Construction Corps was abolished, officers on 
the active list of the corps being transferred to the 
line of the Navy as engineering duty officers. 
Naval constructors on the retired list are still 
entitled to wear the device of the Construction 


Corps, whenever the wearing of the uniform by a 
retired officer is appropriate. 

Although the devices of the Engineer and Con- { 
struction Corps are no longer part of the uniform 
of the active duty Navy, the part played by officers 
of these corps in the laying down of the first men- 
of-war and the development of steam power will 
always be remembered. 
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The Franklin Institute has been awarded a $72,000 research contract 
by the Atomic Energy Commission to study problems related to nuclear 
reactors that use gas as a coolant and operate at temperatures up to 


2500°F. 


Operating conditions of high-temperature, gas-cooled reactors, and 
the design and materials for reactor equipment that can withstand these 
conditions will be studied. An extended survey will be made of all com- 
mercial equipment that could be utilized in gas-cooled reactors and fab- 
rication, inspection, erection, and maintenance problems of other reactor 


equipment will be weighed. 


—from MECHANICAL ENGINEERING 
May, 1960 
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DR. VICTOR P. PETROV 


HARNESSING OF WATER POWER IN CHINA 


THE AUTHOR 


is currently a Professor in the Language Division of the U.S. Naval Post- 
graduate System at Washington, D.C. His many articles have been published 
in American, British, and German science periodicals. He is a member of 
the Association of American Geographers, the American Geographical So- 
ciety, the National Geographical Society, the American Political Science As- 
sociation and AATSEEL. 


Eprtor’s Note: This article is not concerned with a strictly Naval Engineer- 
ing subject. It is included in THe JourNaAL because of possible interest to 
forward-looking people in picturing a possible potent influence in future 
potentialities of a militarily significant polity. 


INTRODUCTION 


Tie HAS ENORMOUS WATER POWER potential hid- 
den in its majestic rivers, mostly flowing eastward 
into the seas of the Pacific Ocean. For ages these 
rivers were a blessing to the Chinese farmers, 
bringing abundant water to irrigate his fields, and 
also a curse at the time of the regular annual flood 
rampages, taking an enormous toll in lives and 
property. It is not an accident that the Yellow River 
has been nicknamed the “Sorrow of China”: shal- 
low in dry seasons, it becomes a roaring monster 
when rains come, and the swollen waters of the 
river break through dams and flood the surround- 
ing fields, villages and towns. Apparently the pres- 
ent rulers of China made a decision to cope with 
the annual menace of floods and losses, and to em- 
bark on a long-range plan for harnessing the major 
rivers of China. By building dams and hydroelectric 
power installations at the critical points along the 
rivers, the planners intend to achieve a threefold 
goal: first—to produce cheap and abundant electric 


power for the country, which is still lacking in it; 
second—to provide irrigation to farmlands, peren- 
nially suffering from droughts and shortage of 
water (this time water will be supplied from huge 
reservoirs built at the dams across the rivers); and 
third—to improve navigation along the rivers by 
regulating water level and flow at all times of the 
year. There will be no shallow water, the water 
level will be kept constant at a height to allow ships 
to sail along the river routes at all times. 

Total water-power resources of China are quite 
large, and according to Chinese sources equal to 
about 14.5 per cent of the world water resources. 
The main trouble with Chinese rivers is that their 
flow is not constant, and this is the reason why 
plans are now being carried out to regulate this ir- 
regular flow. It is interesting to learn, how these 
water-power resources are distributed among the 
river basins of China. Certainly, the largest share 
of these resources belongs to the Yangtze River 
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basin, which accounts for almost 40 per cent of the 
total water-power resources of the country: Next— 
are the rivers of Tibet, with 21.5 per cent of the 
total; then, the rivers of the southwest—16.7 per 
cent, and the fourth place is occupied by the Hwang 
Ho River (Yellow River)—6 per cent. This river, 
unfortunately, has the most sorrowful history in 
China.t The other basins of China have a much 
smaller share in the country’s water-power re- 
sources. 

China, generally, is rich in water. More than 
1,600 rivers traverse Chinese territory, with a total 
annual flow of 2,680 cubic kilometers. Unfortunate- 
ly, as was said above, more than three-fourths of 
these water resources are located in the basin of 
the Yangtze River and areas south of it. Vast areas 
of north and northwest China, occupying a similar 
territory possess less than one-tenth of the water 
resources. The 5,800-kilometer long Yangtze River 
discharges more than 1.000 cubic kilometers of wa- 
ter into the sea annually. While the Yellow River, 
which is slightly shorter than the Yangtze, dis- 
charges twenty times less water than the Yangtze, 
all in all, about 47 cubic kilometers of water.’ 


This enormous difference in annual flow of water 
in both river systems is explained by the difference 
in precipitation in both regions. While the basin of 
the Yangtze River receives annually more than 
1,100 mm of precipitation, the Hwang Ho River 
basin receives only 400 mm, Inner Mongolia—100 
mm, and the neighboring desert areas—practically 
nil. These neighboring dry regions need Yellow 
River water for irrigation, and especially the areas 
of North China Plain. Plans have been drawn to ir- 
rigate an additional 15 to 20 million hectares of land 
there, which will require over 100 cubic kilometers 
of water annually, equalling the annual flow of two 
and even three Yellow Rivers.” 

The Yangtze River, on the other hand, has more 
than enough water, and could easily share a part of 
its water supply with north and northwest China. 
To irrigate all the lands and still have water for all 
other purposes, the Yangtze River would have to 
give away only a quarter of its annual flow. This 
could be done with comparative ease, since there 
are no exceptionally high waterdivides between the 
river basins, and the transfer of water from south 
to north is quite feasible. Great plans have been 
drawn and are under study for harnessing the wa- 
ters of the Yangtze and Hwang Ho rivers by con- 
structing dams and hydroelectric power installa- 
tions. Some of these plants are already under con- 
struction, especially along the Yellow River, which 
has always been a serious problem to China. The 
Yellow River, the “Sorrow of China,” even if its 
flow of water is much smaller than that of the 
Yangtze, has received more attention from various 
planning bodies for the reason that its regulation 
is of a much more urgent nature. We, therefore, will 
discuss the problems and plans for taming this river 
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first, and then will revert to its larger sister, the 
Yangtze River. 


THE YELLOW RIVER 


For hundreds of years, perhaps for no less than 
four thousand years of China’s recorded history, the 
Hwang Ho (Yellow River) has been known to its 
population by the nickname, “Sorrow of China.” 
Almost every other year, the Yellow River sudden- 
ly leaves its banks and floods the surrounding areas 
with disastrous results, bringing destruction, death, 
suffering, and sorrow. Thousands and even millions 
of people have perished and suffered at every major 
breakthrough of the river. It was necessary to de- 
vise means to harness the monster and to stop its 
regular rampages. The only thing the people of the 
surrounding areas could do, was to raise the banks 
of the river, to build dams along the banks and, 
thus, to prevent it from flooding. Dams proved to 
be good in some cases, but not in all. 

Now, it seems, a serious effort is under way in 
China to finally harness and tame this unruly river. 
The Communist Chinese Government approved a 
plan to construct 46 huge dams along the river for 
water regulation, flood control, irrigation, and hy- 
droelectric purposes. When completed, these 46 
dams and hydroelectric power installations will 
have a 23 million kilowatt capacity and will produce 
110 billion kilowatt-hours annually, much of which 
will certanly be utilized by the growing industrial 
centers of China’s northwest. 

To understand why the Yellow River is to be 
given top priority in the country’s planning, when 
it is far surpassed by the greatest river of China, 
the Yangtze-kiang in volume, it is necessary to go 
deeper and into some detail about the descrivtion 
of the Yellow River, its behavior and temperament, 
and also to describe why it is so urgent to build 
dams and reservoirs along the “Sorrow of China.” 
Next, plans for taming the river will be discussed, 
first the overall complex plan for several decades 
ahead, and then the most urgent, immediate plans 
for the first stage of the project, which will take 
fifteen years to complete. Finally, the work started 
and to be completed in the nearest future will be 
described. 

The Hwang Ho River is the second largest river 
in China. It is 4,845 kilometers long, and its basin of 
745,000 square kilometers is one of the most popu- 
lated places in the world.* Almost 200 million people 
live in the basin of the river, which is more than 
the combined population of the United States and 
Canada. Territorially speaking, the basin of the 
Yellow River and its tributaries occupies almost 
one-tenth of the huge territory of China. The whole 
of France could be easily placed into this basin.‘ 

By sheer volume of water discharged annually 
into the sea, the Yellow River is considerably out- 
classed by its majestic sister-river, the Yangtze. 
Why is it, that we place such importance on this 
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river, and why have Chinese scientist resolved to 
attack it’s problem before any other river of China? 
Perhaps the answer is given by Chinese geograph- 
ers, who wrote that the Hwang Ho together with 
the Hwai Ho and their tributaries are conducting 
the most aggressively destructive work on the loess 
plateau and hills of Hopeh and Jehol, at the same 
time depositing huge amounts of silt in the North 
China Plain. They stated: “Erosion and accumula- 
tion of soils by its intensity surpasses any analo- 
gous process in any other part of China.” > 

To obtain a clear picture of the peculiarities of 
this river, which during the monsoon season sud- 
denly becomes a raging torrent, swallowing villages 
and towns, and claiming thousands of lives, it would 
be necessary to trace it from its sources to its 
mouth, the delta of which is located to the north of 
the Shantung Peninsula. There, the Yellow River 
disgorges its muddy waters into the Gulf of Pohai, 
depositing enormous amounts of silt, and gradually 
extending the delta into the sea. For about six-sev- 
enths of its total length. the Yellow River flows in 
mountainous areas and through plateaus, and for the 
remaining distance it meanders across the extensive 
Great Plain of North China.‘ An enormous part of 
its basin is located in the loess plateau, where de- 
posits of loess at times reach a thickness of 150 me- 
ters or more, the average depth being 50 to 60 me- 
ters.’ In the course of thousands of years the Yellow 
River cut through the mountains and plateau, 
where at times its banks rise majestically along 
narrow gorges to a height of 400 to 500 meters. In 
its upper part, a distance of 1,500 kilometers from 
Tsaring-Nor to Chungwei, the river falls three 
thousand meters, thus averaging a two-meter fall 
per one kilometer of its length.’ 

Usually this is the accepted tripartite division of 
the Yellow River: the upper reaches of the river, 
the middle part, and the lower reaches. The first, 
upper, part extends 1,172 kilometers from its 
sources in Tibet to Liuchia Gorge, where the river 
is squeezed into a narrow gorge, no wider than 50 
meters, madly rushes along, seeking its way to a 
more placid environment.’ Its middle part from 
Liuchia Gorge to the city of Chengchow, a length of 
2,970 kilometers is in the confines of the famed 
loess plateau, which rises to a height of from 1,000 
to 2,000 meters above sea level. This section of the 
river is the most important and significant for the 
character and behavior of the Yellow River. The 
loess cover of the plateau is mellow, has no protec- 
tive vegetation against the forces of erosion, and, 
consequently, is subjected to the process of erosion 
to such an extent that the waters of the river are 
filled with so much silt, that the river becomes prac- 
tically a river of yellow mud. Here the river turns 
to the northeast, then makes a sharp bend and flows 
east, and then directly south.’° Along this stretch, 
the river again narrows to 50 or 60 meters, and 
rushes on between high, straight banks for a dis- 


tance of about 50 kilometers." The process of loess 
erosion is especially intensive in this sector, and it 
becomes the main supplier of loess silt in the 
river.'? Just before the Yellow River finally shoots 
itself into the broad alluvial Great Plain of North 
China, it takes on additional waters from its main 
tributary, the Wei Ho River.® The lower part of the 
river, 703 kilometers long, flows along a vast plain, 
which was originally, several millions years ago, a 
deep depression filled with ocean waters. The plain, 
thus, is of an alluvial origin, created by the deposits 
of the Yellow River.** 

The regimen and behavior of the Yellow River 
is basically governed by the monsoon character of 
precipitation in its basin. The major part of its 
water intake is obtained during a short rainy season 
of about four months, starting in July and ending 
in October, of which about two months are the most 
violent. During this rainy season more than half of 
the yearly precipitation falls in the river basin, 
raising the level of water to dangerous heights, and 
regularly flooding the surrounding areas in the 
Great Plain of North China, thus causing untold 
misery and suffering.’* On the whole, the basin of 
the Yellow River receives an average amount of 
precipitation. Tsinan (in the lower reaches of the 
river), for example, receives annually about 64 cm, 
Sian—about 56 cm. The trouble lies in the fact that 
the major part of those rains pour down during a 
short two-month period in summer."® 

During the monsoon period these enormous 
amounts of water pour down in torrents on the 
loess plateau. Loess does not absorb water, and the 
torrents, streaming down the gullies and ravines, 
wash down huge quantities of loess, bringing it all 
to the raging waters of the swollen Yellow River. 
Just how much loess is eroded in this manner? 
Statistics indicate an astounding quantity, un- 
equalled in any other part of the world. It is esti- 
mated that, on the average, there are 34 kilograms 
of sand and silt to 1 cubic meter of water flowing 
in the Yellow River; 1,380 million tons of heavy 
matter is carried away by this river annually.’ 

There are several major rivers in the world fa- 
mous for their heavy saturation with silt and sand. 
Among them are the Nile River in Egypt, the Colo- 
rado River in the USA, and the Amu-Darya River 
in Soviet Central Asia. How do they compare with 
the Yellow River in the amount of heavy matter 
carried by their waters? There is 1 kg of silt in the 
Nile to 1 cubic meter of water; 4 kg in the Amu- 
Darya; 10 kg in the Colorado River; and 34 kg of 
silt to 1 cubic meter of water in the Hwang Ho 
River.” No wonder, the river became known as the 
Yellow River. 

When the river finally comes into the wide Great 
Plain of North China, its flow of water slows down. 
Heavy silt immediately settles and clogs the bed of 
the river. The annual amount of sedimentation on 
the bed of the river is fantastically high. It has been 
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estimated that the Yellow River washes down from 
its entire basin a layer of soil 30 cm thick every 940 
years. The silt content in its water equal 10 per cent 
in winter, but increases to 40 per cent and more 
during the heavy rainy season.'* All this enormous 
amount of silt is carried to the Great Plain of North 
China, where one-third of it is settled in the bed of 
the river, as soon as the river leaves the mountains, 
for a stretch of about 600 km, from Mengcheng to 
Lokou; about one-fifth is deposited lower in the 
river, and about one-half is carried to the sea. 

Constant settling of silt on the bottom of the river 
for an unknown number of centuries caused the bed 
of the river to rise. It has been rising steadily and 
constantly. As a result, the water level rose as well, 
and the river started to spill over its banks. The 
banks became too shallow, too low. The neighbor- 
ing communities knew only one method of combat- 
ting the floods of the river—by raising its banks. 
For 4,000 years of recorded history, the people built 
and continued to build dams along the whole stretch 
of the river in the great plain. The higher the bot- 
tom of the river rose the higher they built the dams 
to protect themselves from the overspilling waters, 
which often broke the dams with disastrous results. 
In time a paradoxical situation occurred. In some 
places, as a result of this constant process the river 
bed became higher than the surrounding country 
by as much as ten meters (over thirty feet). Now 
the river flows there along a giant elevated trough, 
with the population of the surrounding areas in con- 
stant terror of breaking dams and inundated vil- 
lages and towns.’® 

In spite of all the efforts of the population ever so 
diligently and fearfully building protective dams, 
these dams have been constantly broken on the av- 
erage of every other year. Every break during high 
flood waters of the monsoon season became a na- 
tional calamity. The other rivers of the world dur- 
ing floods spill over their banks and flood the sur- 
rounding areas for several days. Then the crest is 
over and the river returns to its banks. The Hwang 
Ho is different. When the break occurs, the river 
rushes down from its elevated, artificial bed, and 
floods enormous areas, drowning thousands of peo- 
ple, washing away villages and towns, and aimless- 
ly splashing its water over the huge plain. Gravity 
works against a return to its banks in the case of 
the Hwang Ho. In cases of major breaks, the river 
starts meandering over the new areas of the flooded 
plain in search of a new bed to take its waters to 
the sea, with, usually, disastrous results, as has 
been mentioned. 

The only way to return it to its former bed is to 
plug in the break. The Chinese have been patiently 
recording the number of breaks in the river dams 
during the last four thousand years. There have 
been over 1,500 breaks during this period, with 
over twenty major changes in the course of the 
river.” The last hundred years witnessed two major 
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changes in the course of the river.*! The enormity of 
constant construction of protective dams in the lower 
reaches of the river can be judged by the fact, that 
to protect its banks the people have built over 1,800 
kilometers of dams.*” 

The river’s violent temper became especially evi- 
dent lately. While during more than two thousand 
years, it broke its dams about once every 2% years, 
the floods have become more frequent since the 
seventeenth century. During the 269-year reign of 
the last Ch’ing (Manchu) Dynasty, there were 600 
officially recorded floods of the river.?* In twenty- 
one years, from 1912 to 1933, the river broke its 
dams at 94 places.”* Although there were between 
1,500 and 1,600 major breaks in the dam system of 
the Yellow River during 4,000 years of its recorded 
history, with usual catastrophic results, these 
breaks, as a rule, have been successfully repaired 
and sealed, except for seven gigantic breaks, which 
led the river along entirely new courses, and neces- 
sitated changes in the mouth of the river. Enormous 
deposits of silt in the river mouth have extended 
its delta 20 km into the sea in the last 100 years.** 
As a rule the silt deposited at the river mouth ex- 
tends its delta a distance of 290 meters a year, or 1 
kilometer in about 3% years.*> The seven catas- 
trophic breaks in the dams, and changes of the river 
bed, brought about a shift in the river mouth from 
the area around Tientsin in the north to Shanghai 
in the south, a distance of 700 kilometers.** At times 
in its history the Yellow River flowed to the sea 
either north or south of the Shantung Peninsula. 
More often breaks in its dam system, causing the 
shift in river courses, occured near the city of Kai- 
feng.?? 

Those major shifts in the mouth of the river oc- 
curred as a result of an inexorable force of Nature. 
However, the seventh break, one of the most vi- 
cious, was caused by the hand of man in our time. 
During the height of the Chinese struggle against 
Japan in 1938, the Nationalist China Command 
made a fateful decision to halt the advance of Jap- 
anese troops. The Chinese blew up the dam near 
Chungmou. The high waters of the Yellow River 
rushed into this major break and swiftly inundated 
the surrounding areas. According to a Chinese ge- 
ographer, 470 thousand people perished in this 
catastrophe. The river in its rampage rushed along 
the plain, seeking a new outlet to the sea, and final- 
ly found it far to the south. The river rushed along 
the beds of the Chialuho and Yunho rivers, joined 
the Hwai Ho River, and through the Hungtzehu 
Lake, was able to join its waters with the mighty 
Yangtze-kiang.** The old mouth of the river north 
of the Shantung Peninsula dried up. It was nine 
years later, in 1947, when Nationalist China, with 
the aid of American engineers, repaired the break, 
and once again the river abandoned its new course 
and returned to the old mouth, flowing into the Gulf 
of Po Hai. Of the many floods caused by the Yellow 
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River, perhaps one of the most catastrophic was in 
1933, when over 3 thousand settlements became 
submerged, 3,640,000 people suffered, and more 
than 18,000 people perished.” 

What are the main causes of these catastrophic 
floods? It seems that the main factors are: (1) clog- 
ging of the river bed by enormous deposits of silt, 
which causes a rise in the river level; (2) the pro- 
tective dams are not strong enough to withstand the 
terrific pressure of flood waters; (3) lack of reser- 
voirs, which could absorb the excess flood waters 
during monsoon seasons; (4) insufficient utilization 
of the waters of the main tributaries of the Yellow 
River for irrigation purposes; (5) absence of pro- 
tective vegetation in the upper and middle part of 
the river; (6) peculiarities of the loess cover, which 
poorly absorbs rain water; and finally, (7) the mon- 
soon character of precipitation in the basin of the 
Hwang Ho River.*® All these catastrophic floods 
made it necessary to take measures to correct and 
to tame the waters of the Yellow River, if only for 
the purpose of protecting and saving millions of 
people, living in the Great Plain of North China. 

It seems, finally, that we are soon to witness the 
attack of man on this unruly river. Plans of scien- 
tists in present-day China to tame and harness the 
river are approaching realization, with the proposed 
construction of dams and hydroelectric power in- 
stallations, which will eliminate, supposedly for- 
ever, the danger of breaks and catastrophic floods 
of the river. 

LONG RANGE PLAN FOR THE YELLOW RIVER 


The Yellow River, this famous “Sorrow of 
China,” has been on a rampage too often and finally 
this problem is on the verge of being solved once 
and for all. Perhaps this is the advantage of the to- 
talitarian state: to forget the miseries of present 
generations (let them suffer), and to concentrate 
all their national effort for the sake and benefit of 
generations to come. 

The plan, devised by Chinese scientists and ap- 
proved by the Communist Government of China is 
gigantic in scope, resembling, perhaps, similar hy- 
dro projects in the Soviet Union. They are subject- 
ed to the same grandiose planning the same “gigan- 
tomania,” as their brethren in the Soviet Union. 
The scope of the work on construction of dams and 
hydroelectric power installations on the Yellow 
River is similar to those constructed and planned 
for the rivers: Volga, Dniepr, Kama, Ob, Angara, 
Yenisei, Amur, and others, and even surpasses them 
in the number of projected dams. 

The Chinese plan, which is already approved, is 
to be fulfilled in two stages. One stage is long-range 
planning, the construction of forty-six dams on the 
river, which are to be built over several decades. 
This plan, they call the “perspective plan for the 
complex utilization of the hydro resources of the 
river.” Another stage is a short-range project, de- 
signed for fifteen years, which is a plan of imme- 


diate importance.* According to this plan, two gi- 
gantic dams were to be built in the middle part of 
the Yellow River, by 1967. One is a dam in the 
Sanmen Gorge (The gorge of three gates), and an- 
other, higher up the river, is a dam at Liuchia 
Gorge. Both dams will have hydroelectric power 
installations with a capacity of over 1,000,000 kilo- 
watts each.*! To be exact, plans call for a total ca- 
pacity of 1,100,000 kilowatts at the Sanmen Station, 
and 1,050,000 kilowatts at the Liuchia Station.*? 

Coming back to the perspective, long range plan 
for conquering the unruly Hwang Ho River, it 
should be remembered that China, with its moun- 
tainous terrain, possesses enormous stores of idle 
hydroelectric power. It is estimated that this coun- 
try possesses at least 540 million killowatts of hydro 
energy, thus occupying second place in the world to 
the Soviet Union in its stores of hydroelectric en- 
ergy, which can be usefully utilized at some future 
date.** Not a small share of this hidden potential of 
hydro power is locked uv and wasted in the unruly 
waters of the Yellow River. When all 46 dams and 
hydroelectric power installations have been built 
along the Yellow River, their electric power pro- 
duction will reach 110 billion kilowatt-hours.** 
(Nothing to sneeze at.) The total electric power 
generating capacity of these 46 stations on the Yel- 
low River will be 23 million kilowatt.** 

In addition the waters of the river, collected into 
many reservoirs, will be utilized for irrigation pur- 
poses. The total area of irrigated lands to be added 
to the present area will reach 116 million mu, which 
is seven times more than it is now (16.5 million mu 
at present).** Furthermore the Yellow River, at 
present very shallow in the low-water season, will 
become completely navigable for a distance of 3,600 
kilometers. Vessels of 500 tons will be able to reach 
the city of Lanchow, at the approaches of Tibet.*” 
The main result of this construction will be, how- 
ever, the elimination of constant threats of floods 
with their disastrous consequences. The people liv- 
ing in the lower reaches of the Yellow River will, 
finally, have a peaceful life, without fear of another 
rampage of the river.** 

The construction of 46 dams is projected mainly 
for the middle part of the river, which gives the cue 
to the whole behavior and temper of the river. Of 
these 46 dams only two will be constructed in the 
lower reaches of the river. When the whole project 
has been completed, these will be the benefits to the 
long-suffering population of the area: (a) all the 
hydroelectric power installations with generating 
capacity of 23 million kw, will produce 110 billion 
kw-h annually; (b) 116 million mu of additional 
lands (7.08 million hectares) will be irrigated in 
addition to the 16.5 million mu (about 1 million 
hectares) irrigated at present; thus the total irri- 
gated area will reach 132.5 million mu (8.08 million 
hectares); (c) the yield of grain will be doubled; 
(d) the river will become navigable for a distance 
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of over 3,000 kilometers for 500-ton vessels to the 
city of Lanchow, and for 3,000-ton vessels to the 
city of Chenchow; at present the river is shallow 
at the low water mark and unsuitable for naviga- 
tion.*® 

SHORT RANGE PLAN FOR THE YELLOW RIVER 

These long-range plans for the construction of 46 
dams will take years and even decades to complete. 
Of more interest to us is the short-range 15-year 
plan, designed to eliminate floods in the lower part 
of the Yellow River, and to provide hydroelectric 
power to the neighboring industries. This plan, as 
was said before, provides for the construction of 
two dams and giant hydroelectric power installa- 
tions of over 1 million kw capacity each (at San- 
men and Liuchia). Both these stations will produce 
about 10 billion kilowatt-hours of cheap hydroelec- 
tric power annually.*° In addition to two dams and 
power stations, three additional dams will be con- 
structed on the main tributaries of the Hwang Ho, 
as well as over ten smaller reservoirs.*° When this 
15-year project is completed, more than 80 million 
people in the immediate vicinity of the lower 
reaches of the river will be safe from the regular 
rampages of the “Sorrow of China.” * 

What causes these disastrous floods? Why does 
the river leave its bed and spread over the Great 
Plain of North China, in spite of the protective 
dams, built there for centuries, and designed just 
for one purpose, to preclude these disasters? The 
answer is that no earthen dams, no matter how 
high, can protect the neighboring population from 
a breakthrough of the river. It is surprising that 
the river does not break these dams more often, and 
regularly during its annual high-water mark, at 
the time of the monsoon season. How much the 
river swells its waters at high water mark, as com- 
pared to the lowest mark, can be judged by these 
statistics for the year 1942. The maximum discharge 
of water that year amounted to 29,000 cubic meters 
per second, while the minimum flow was only 250 
cubic meters per second, i.e. 116 times less. Thus, 
the monster swelled to an enormous volume and, 
of course, no protective, artificial dams could hold 
it within its banks.*? 

Ordinarily, the Yellow River’s flow of water dur- 
ing the high-water mark is in the vicinity of 16,000 
cubic meters a second. This heavy onrush of water, 
nevertheless can be withstood by protective dams. 
Some years, with especially heavy monsoon rains, 
the waters swell disastrously, and there have been 
occasions, when the river has discharged as much 
as 37,000 cubic meters of water per second, as com- 
pared with a mere 250 cubic meters per second dur- 
ing low-water mark.** 

The main purpose for constructing the Sanmen 
and Liuchia dams is to collect the water excess in 
their huge reservoirs, and to feed the river with 
just enough water during dry seasons, thus elimi- 
nating forever the danger of floods. Lately much 
464 
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has been done to fortify the protective dams, to face 
them with stone, and to build new and better ones, 
to combat the high-water mark danger of floods. It 
is calculated that the present course of the river 
within its protective dams can withstand as much 
as 18,000 cubic meters per second. The rising waters 
above that mark bring disaster.** 

Works, planned according to the 15-year short- 
term project (1953-1967) has already started. The 
first project in this overall program was started in 
1952, when a canal, called “People’s Victory” was 
built, to connect the Yellow River with its main 
tributary, the Wei River. This canal carried off the 
excess of water in the Yellow River to feed the Wei 
River, which is deficient in water.*® In addition to 
bringing water to the Wei, the canal, 53 kilometers 
long, also allows increased irrigation of surround- 
ing areas, as well as permits navigation on the Wei 
River.*® 

The principal work, however, was begun in 1955, 
when the first group of workers arrived to start 
excavations at the site of the Sanmen Gorge, where 
a huge dam and hydroelectric power station are 
under construction.‘? The reason why this location 
was selected for the construction of a dam is ob- 
vious. The river, having passed through a huge 
bend in the loess plateau is suddenly faced with a 
narrow gorge, between Tungkwan and Loyang. Not 
only is it forced into a narrow gorge, but another 
obstacle—two islands, squeeze the rushing waters 
even more into three narrow channels, appropriate- 
ly called: Devil’s Gate, Gate of Ghosts, and Gate 
of People.*® 

Here a concrete dam of about 100 meters height 
will throw a muzzle on the treacherous river. Above 
the dam, a huge reservoir will be created, with an 
area of 3,500 square kilometers. This reservoir will 
hold the excess water during rainy seasons and also 
will feed the river with additional water during dry 
seasons.** The fall of the river water here from a 
height of 80 meters will be able to produce 6 billion 
kw-h annually. This electric power will be trans- 
mitted to the enterprises of such major industrial 
centers as Loyang, Sian, Taiyuan, Chengchow, and 
others.** 

One of the important functions of this dam will 
be to purify the yellow, silt-laden waters of the 
river, thus considerably lessening the amount of 
sedimentation in the lower reaches of the river. 
This factor will slow down the raising bed of the 
river considerably.*® 

The main work on the Sanmen dam started in full 
swing in 1957, and is expected to be completed in 
1961,°° thus considerably cutting the original time- 
table of construction. The Sanmen reservoir capaci- 
ty is to be 36 billion cubic meters and it will be able 
to take two-thirds of the annual discharge of river’s 
water into the sea.*' The reservoir will extend 200 
kilometers up the river.*? This huge dam alone will 
be able to regulate the flow of 92 per cent of waters 
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of the river’s basin. It will influence the discharge 
of water to such an extent that during flood season, 
the flow of water, rushing through the Great Plain 
of North China will be curtailed from 37,000 to only 
8,000 cubic meters per second, which is an abso- 
lutely safe margin. Furthermore, three additional 
dams and reservoirs on its tributaries: the Yi-Ho, 
Lo-Ho, and Chin-Ho rivers will completely elimi- 
nate the danger of floods in the lower part of the 
Yellow River.** 

The silt-laden waters of the river, stopped in its 
run by the Sanmen Dam, will deposit the larger 
part of its heavy matter on the bottom of an arti- 
ficial lake, and then, purified, will be distributed 
partly to the main body of the river, and partly to 
the surrounding agricultural areas, through numer- 
ous irrigation ditches.°** An interesting point was 
raised with regards to the silting of the river. It was 
estimated that the enormous amount of silt, depos- 
ited in the Sanmen reservoir would fill it in 20 to 
30 years, and then, the clogged dam will become 
useless. To prevent that, it was decided to build 
numerous dams on every tributary of the Hwang 
Ho, large and small, as well as to plant vegetation 
on the eroded loess plateau. These measures are 
expected to stop severe erosion process, and thus to 
purify the waters of the Yellow River. Three rivers, 
tributaries of the Hwang Ho are especially active 
in bringing enormous amounts of silt and sand. 
These rivers are: Wei Ho, Tsing Ho, and Wu-Ting 
Ho. To control these rivers and to drastically re- 
duce the amount of silt carried by them into the 
Yellow River, special hydro-purifying plants are to 
be built there, and in a few years, the builders 
claim, the waters of the Yellow River will change 
their yellow color to that of pure blue.** 

The hydroelectric power station at the Sanmen 
Dam, with its 1.1 million kw capacity, will supply 
electric power to the industries of Loyang with its 
tractor- and machine-building plants; Sian, the 
center of the textile industry, etc.°’ The channel of 
the river was successfully blocked on December 9, 
1958, and the waters of the Hwang Ho were direct- 
ed through the spillway section of the dam. Accord- 
ing to plans, the plant will start production of elec- 
tric power in the spring of 1961. Construction of the 
Sanmen plant and dam will permit raising the water 
flow in the river in the season when irrigation is 
imperative from 360 cubic meters to 950 meters per 
second, thus ensuring additional irrigation of 40 
million mu of land. At the same time, the minimum 
discharge of water at its record low season will be 
raised from 280 cubic meters to 700 cubic meters 
per second. This will permit normal navigation at 
all times from the city of Chengchow to the mouth 
of the Yellow River, a distance of 790 kilometers.** 

It seems that the present trend of Chinese plan- 
ners is to concentrate on construction of hydroelec- 
tric power plants, while thermal plants are assigned 
a secondary importance. Currently water-power 


plants are generating about 20 per cent of the total 
electric power of the country, but it is proposed 
that this share be increased to 40 per cent by 1962, 
when giant hydroelectric power plants on the Yel- 
low River will start their production. This share is 
supposed to be increased to 50 per cent by the end 
of the Third Five-Year Plan, i.e. by 1967.°° The first 
gigantic plant, according to plans, to be completed, 
as we said, in 1961, is the Sanmen Plant, which will 
provide electric power first to the provinces of Ho- 
nan, Shensi, and Shansi. Later with the addition of 
another great plant at Liuchia, and others, the elec- 
tric power will be distributed over a larger territory 
of China.*° Some sources even indicate that the first 
electric power will be produced at the Sanmen 
plant by October 1, 1960, and that the plant will be 
working at its full capacity one year later.* 

The second dam and hydroelectric power plant 
with a capacity of over 1 million kilowatts to be 
constructed, will be at Liuchia Gorge, up the river, 
in Kansu Province, just a few kilometers west of 
the city of Lanchow.® The capacity of the reservoir 
at this dam will be no less than 5 billion cubic me- 
ters of water.®* This reservoir will store excess wa- 
ter during flood seasons and control the flow so as 
not to exceed 5,000 cubic meters per second at the 
high-water mark, and no less than 500 cubic meters 
per second at the low-water mark. By this measure, 
the danger of floods in the Lanchow area will be 
eliminated. Furthermore, the water level in the riv- 
er will be constantly high enough to allow continu- 
ous navigation.® 

The Liuchia Dam, which will be numbered in the 
cascade of 46 dams as Dam No. 9, will be 140 meters 
high, with a lake of about 100 sq. km. The hydro- 
electric power plant will have 8 generators of 125,- 
000 kw capacity each.** This plant, in addition to 
other needs, will become a source of electric power 
for the oil-producing industry of Northwest China. 
The construction of an oil-refinery in Lanchow has 
already started, as well as the construction of a new 
oil-drill manufacturing plant.** Work on the Liuchia 
Dam and plant was well underway in 1958. A sus- 
pension bridge was hung across the roaring river 
. . . parties of engineers and workers were busily 
drilling the bottom of the river for soil samples, at 
the spot where the dam was to be built.°’ The com- 
pletion of this plant was scheduled for 1962, but 
new plans, drastically revised, call for completing 
the dam and the plant in 1961.°* Surveying parties 
are already working at the site of a third dam at 
Lungyang Gorge in the Hainan Autonomous Region 
of Tibet.*® This will be one of the links of a long 
chain of hydroelectric power plants. The gorge is 
more than 30 km long, and the river is 500 to 600 
meters below the top of the gorge. Its reservoir will 
have a 20 cubic kilometers capacity, and the power 
station will have a capacity of over 1 million kw. Its 
electric power will be fed, among other areas, to the 
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Tsaidam Depression, which is a new oil-producing 
center in China.”° 

All three reservoirs of Sanmen, Liuchia, and 
Lungyang, in addition to their other functions, will 
also act as a sort of sifting stations for the river. 
Their goal will be to slow down the flow of the 
river, to let the heavy matter settle in the bottoms 
of the reservoirs, and to let through the purified 
waters. By the time the Yellow River reaches the 
plain before coming to the sea, it will be consider- 
ably relieved of its silt burden, and thus will slow 
down the process of silting this part of the river.”° 

To the list of three giant hydroelectric power 
plants under construction on the Hwang Ho River, 
another plant should be added. This is an electric 
power plant and dam under construction since 1958 
at Ching Tung-hsia Gorge in the Ningsia autono- 
mous region. This project is to be completed in 1960 
and will have a dam 650 meters long and 42 meters 
high. Seven turbines will be installed with a total 
capacity of 260 thousand kilowatts. The main pur- 
pose of this project is, in addition to the production 
of electric power, to irrigate the surrounding areas 
in the Ningsia region and Inner Mongolia, as well 
as to regulate the flow of the river, which abounds 
in water during the spring thaws. The total area of 
lands to be irrigated as a result of this project is 
stated to be 10 million mu.” 

The urgency of the above described works can- 
not be minimized. Each new break in the protective 
dams of the river means untold suffering, misery, 
and loss of lives. Not long ago, at the end of 1958, 
news dispatches from Peking brought reports that 
the Yellow River again had burst its banks over a 
vast area of the Great Plain of North China. The 
dispatch added that even the 1,400-mile Peking- 
Canton Railroad had been cut at several places, 
necessitating the rerouting of trains via Shanghai. 
It indicated that this flood was far more serious 
than the one in 1954, and could be compared with 
1933, which witnessed the worst flood of the cen- 
tury.”? 

THE YANGTZE RIVER 


Soon after a detailed plan for harnessing the 
Hwang Ho River was outlined and approved and 
work on several power plants, mentioned above, 
started, surveying parties swarmed over the entire 
length of the Yangtze River, the largest river of 
China, so that plans for utilizing its enormous water 
power resources could be worked out. This largest 
river in the country, with its source in Tsinghai 
Province has an area of over 1,800 square kilo- 
meters, which is almost one-fifth part of the entire 
territory of China. The river is exceptionally rich 
in the volume of water it discharges into the sea. It 
is 25 times larger than the volume of the Yellow 
River. Chinese specialists calculate that. its poten- 
tial water-power resources are no less than 140 
million kilowatts.” 

The necessity for harnessing this majestic river is 
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probably no less urgent and pressing, than that of 
the Yellow River. One has only to go back and 
check statistics to learn that from 1931 to 1949 
there were 5 major catastrophic floods along the 
river, the most horrible of which were the floods of 
1931 and 1935. Perhaps the American public still 
remembers the 1931 flood, if only for the reason 
that Charles Lindbergh at that time was in China, 
and he volunteered to make an aerial survey of the 
flooded areas. It is reported from Chinese sources 
that more than 145 thousand people drowned in 
that deluge, while the number of those who were 
affected by the flood reached an astounding figure 
of 28,550,000. The main structure of the Yangtze 
River ladder of hydroelectric power plants will be 
the enormous Sanhsia plant in that part of the 
river, which is called Three Gorges. The dam at this 
spot will be 200 meters high (well over 650 feet). 
Apparently this dam and its plant will be the largest 
in the world surpassing in size, capacity and output 
all the other plants of the world, including our own 
Grand Coulie and the Soviet Kuibyshev and Stalin- 
grad projects. The giant turbines of the plant are 
expected to have a total capacity of 13,400,000 kilo- 
watts, while the annual output of electric power 
will be 100 billion kilowatt-hours. (The present 
largest American and Soviet hydroelectric power 
plants are in the 2 million kw class.) The huge re- 
gion between Peking in the north, Wu-Ling Range 
in the south, Shanghai in the east and Chungking 
in the west will benefit from the construction of 
this plant. When this gigantic project is completed, 
large ocean ships of 10,000 tons will be able to enter 
the river at Woosung and sail up to the Sanhsia 
dam, then bypass it along a series of locks, and 
enter a huge artificial reservoir, created by the 
dam, and sail on to the piers of Chingking.”‘ In addi- 
tion to providing electric power and navigation fa- 
cilities for large ocean vessels, the project will elim- 
inate the threat of further floods, as well as will 
provide means for regular irrigation of the fields. 
It seems the plans for harnessing the Yangtze 
River have already been, roughly speaking, com- 
pleted. The center point of the whole project, as 
was said above, will be the Sanhsia Gorge. By the 
time the river approached this gorge it had already 
collected half of its water flow. To intercept this 
enormous flow of water at this point means to ob- 
tain control over the behavior of the river below, in 
the lower reaches of it.”* It remains now to decide 
which of two variants of dams to build there. One 
of them provides the construction of a 230-meter 
high dam, near Nanhsinkwang village, twelve kilo- 
meters above the city of Ichang, in one of the nar- 
rowest points of the Sanhsia Gorge. The dam is to 
be about 230 meters long. The main objection to this 
variant is that it will be necessary at this point to 
build the power station underground, and to con- 
struct 14 tunnels, 20 meters in diameter each, to 
allow the water through. This is an enormous and 
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extremely expensive job. Furthermore, the banks 
of the river at the site are made of limestone with 
karst formations, which are hardly suitable as a 
foundation for the dam. 

The second variant, a cheaper one, is to block the 
river at Santouping village, located 47 kilometers 
from Ichang. The site there allows for a construc- 
tion of the plant. Geologic structure is also quite fa- 
vorable. However, the dam has to be one kilometer 
long, four times longer than the one proposed in the 
first variant. The important fact is that the river in 
this sector comprises the most favorable conditions 
for any hydroelectric power plant: high gradient of 
a mountain river, great speed of rushing waters, and 
full-water character of the plain river. This favor- 
able combination permits construction of the hydro- 
electric power plant of an even higher capacity than 
the one proposed originally. The planners consider 
it quite possible to build a power station of 22 mil- 
lion kw capacity! ! !*° Furthermore, they enthusias- 
tically declare that even this figure can be easily 
revised upward to 30 million kw, if the upward 
reaches of the river would be similarly regulated. 
This will allow to increase the output of the plant 
to 140 billion kilowatt-hours, instead of the project- 
ed 100 billion kw-h. (For comparison, it may be 
mentioned that the combined output of electric 
power of three nations: England, France, and Italy 
was 150 billion kw-h in 1953). The Sanhsia Reser- 
voir will collect the flood waters of the river and 
will put an end to the Yangtze River floods. Then 
it will be possible to block the passage from the 
Yangtze to Lake Tungtinghu, at present the natural 
regulator (not always reliable) of the river’s flow. 
The area of the lake will be decreased then, and it 
is expected that, as a result, more than 8 million 
mu of fertile land will be added to the ploughlands 
of the region.”* 

The complex plan of utilization of the water power 
resources of the Yangtze River provides also for 
harnessing numerous tributaries of the majestic 
river. These tributaries, some of which are quite 
large, affect tremendously the behavior of the Yang- 
tze River itself. Therefore to assist in harnessing the 
river it will be necessary to construct hydroelectric 
power projects on other rivers: the Tang Chiang- 
kou plant on the Han Shui; the Chang Tang plant 
on the Ching-kiang; the Wu Chiang-tung plant on 
the Wu-kiang; the Ting Tze-kou and Wu Tu plants 
on the Kia Lin-kiang; and the Tsao-Shih plant on 
the Yuan-kiang. Construction of some of them has 
already started.”’ The Tang Chiang-kou plant is per- 
haps the most important and, at present, the largest 
of the plants now under construction along the 
Yangtze River system. It is being constructed at the 
confluence of the Han Shui River and its tributary 
the Tang-kiang in the province of Hupeh. Construc- 
tion of the dam started on September 1, 1958. It will 
straddle the Han Shui River and calls for a length 
of 3,062 meters together with auxiliary dams. The 


dam will be 110 meters high and it will be 25 meters 
wide across the top. It is designed to collect the 
spring flood waters, and when the dam is completed 
it will create a gigantic artificial lake, which will 
have a depth of 100 meters and a capacity of up 
to 28.3 billion cubic meters.’* To complete this 
enormous structure it will be necessary to pour 
2,750,000 cubic meters of concrete, while the earthen 
dike attached to the dam will require 6,600,000 
cubic meters of earth and gravel. The structure will 
use 60,000 tons of steel and iron. Plans provide for 
the completion of the dam and plant within three 
years, i.e., it should be completed in 1961.7* 

Construction of a huge reservoir at the Tang 
Chiang-kou project will allow the retention there 
of up to 68 percent of the flood waters, which in 
turn will make it possible to irrigate over 12 million 
mu of fertile lands in the Hopeh and Honan prov- 
inces, instead of discharging this excess water into 
the sea. Furthermore, if the water resources of two 
additional rivers, the Tang Ho and Pai Ho, are taken 
into consideration, then the area of lands to be irri- 
gated may be increased to 15 million mu. The hy- 
droelectric power plant on the Han Shui River will 
have a capacity of 900,000 kilowatts and an esti- 
mated annual output of 4.7 billion kilowatt-hours. 
Thus, it will be one of the major hydroelectric 
power plants in the country. It will supply electric 
power to the cities of Loyang, Hwangchwan, Ichang, 
and others. As in the case with other similar struc- 
tures, the reservoir at the Tang Chiang-kou power 
plant will be able to regulate river traffic on the 
river from the dam to its confluence with the Yang- 
tze River. Until now the river has always been 
known for its extremely fast current and numerous 
shoals, which made navigation practically impossi- 
ble. The reservoir, by discharging a_ sufficient 
amount of water into the river, will permit year- 
round navigation in that sector of the river.” 

It is interesting that the Han Shui River, flowing 
into the Yangtze, while being three-and-a-half times 
shorter than the Hwang Ho River in the north, 
nevertheless carries much more water, about 1% 
times as much as the volume of water in the Hwang 
Ho. All the tributaries of the Yangtze are quite rich 
in excess water, while the rivers of the north often, 
in dry seasons, become just a trickle of water in 
comparison with the rainy seasons, when the rivers 
swell and rush madly into the sea, often flooding 
the surrounding country. To fulfill irrigation plans 
in the vicinity of the Yellow River, as we said, will 
require more water than that river possesses. Lands 
between the unruly Hwang Ho and abundant Yang- 
tze are good and fertile, but they permanently suf- 
fer from droughts and resulting famines. Since the 
Hwang Ho itself cannot completely alleviate the 
ever-present shortage of water, a fantastic plan to 
bring the waters of the Yangtze system into the 
north have been developed. 
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PETROV 


INTER-RIVER TRANSFER 


Planners say that it will be possible to divert the 
waters of the abundant Yangtze and its tributaries 
to the north, where they will join with those of the 
Hwang Ho River. This will allow billions of cubic 
meters of water to be added to the Yellow River 
and its basin, which will forever rid Central China 
of droughts and floods. The water supply will be 
regulated permanently.*® According to Chinese 
planners, the problem of diverting water from the 
Yangtze River basin is not unsurmountable. The 
key to this problem lies in the southwestern part 
of the country. There, as we know, the Tibet-Szech- 
wan plateau is the source of almost all the major 
rivers of China, flowing in various directions. These 
fast and abundant-in-water rivers flow close to each 
other at an elevation of 4,000 meters above sea-level, 
while the regions in northwest and north China, 
lacking in water, are situated on a much lower 
level. This will permit directing the flow of some 
of the rivers northward by means of gravity 
canals.*! 

First of all, plans call for blocking the waters of 
the Han Shui River, and directing a part of its flow 
along a canal to the northeast, where its waters will 
join the Hwang Ho, near the city of Chengchow. 
To join the basins of the north and south it will be 
necessary to excavate approximately 400 million 
cubic meters of earth. The first sector of the canal 
from the Tang Chiang-kou hydroelectric power 
project to the water divide will simultaneously be 
a major irrigation canal, a part of a great irrigation 
system, which will embrace an area of over 800,000 
hectares in the dry valley of the Tang Po Ho River, 
which is a tributary of the Han Shui. The canal will 
approach the coal mining region of Pin Ting-shan, 
which supplies coking coal to the Wuchang metal- 
lurgical combine. It will be possible to transport this 
coal by water, thus relieving the burden of the rail- 
ways." 

Another major river of Central China, the Hwai 
Ho, also experiences a shortage of water most of 
the year. Therefore, the general plan of diverting 
river waters from the south includes also a provi- 
sion for supplying the Hwai Ho River with the 
abundant waters of the Han Shui River. The Hwai 
Ho River will be supplied with water from the 
same canal, which is to be built in the direction of 
the Yellow River. It will wind its way from the 
Han Shui first to the Tang Ho and Pai Ho Rivers, 
and then through a passage between the Fung Niu- 
shan and Tung Po-shan mountains, it will go to the 
Yellow River, passing the cities of Wu-Yang and 
Sin-cheng. The length of the canal is expected to be 
about 450 kilometers. This artificial water thorough- 
fare will permit discharge of between 20 and 25 bil- 
lion cubic meters of water annually into the systems 
of the Hwang Ho and Hwai Ho Rivers. Chinese 
planners say that when this project has been com- 
pleted, it will be possible to sail along the inner 
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waterway system all the way from Tientsin to 
Kwangchow (Canton) in the south, Chungking in 
the west and Shanghai in the east.*? 

Official Chinese sources apparently are standing 
firmly behind this fantastic plan of diverting a part 
of the flow of the southern rivers northward. Li Jui, 
chief of China’s hydro construction, reported that 
the problem of the Yellow River is not only its 
floods during the monsoon season, but also a de- 
ficiency of water during its dry seasons. He ex- 
pressed the opinion that the rational distribution of 
water in various river basins sooner or later will 
demand diverting excess water in the great Yang- 
tze River and its tributaries into the Yellow River.*’ 
This plan seems to be simply fantastic, but we 
should not forget that many serious Soviet Russian 
scientists are devising similar plans for raising the 
water level of the Caspian Sea by similarly divert- 
ing the flow of the great Siberian Ob River, flowing 
into the Arctic Ocean, into the Aral Sea and then 
to the Caspian Sea, or to divert the wasted waters 
of some rivers in the northern part of European 
Russia into the Kama-Volga River system, thus in- 
jecting more water, and new life into these rivers, 
and to the Caspian Sea.** These plans would amount 
to something like diverting the Columbia River in 
the West of our country into the Mississippi River 
to augment its waters. Fantastic? Yes, but nothing 
is fantastic or impossible, and if the rulers of des- 
tinies of millions of people will decide to divert 
rivers—diverted they will be! 

As a part of the great plan to utilize the water 
power resources of the Yangtze River system, a 
hydroelectric power plant is being constructed on 
the Min-kiang River, a tributary of the Yangtze in 
Szechwan Province. This plant is one of seven, 
which will be built along this river. A total of 12 
sites along the Yangtze River and its tributaries re- 
ceived a priority for surveying and construction of 
hydroelectric power plants.** 


LESSER RIVERS 


Other rivers of China have not been neglected in 
the overall plan for utilizing the water-power re- 
sources of the country. Plans call not only for the 
construction of hydroelectric power plants, but also 
for reservoirs, without electric power plants, just 
for irrigation purposes. It has been reported that 
work has been started on the Fen Ho River, second 
in size tributary of the Hwang Ho. A huge dam 700 
meters long and 60 meters high will be constructed 
to create a new reservoir, which will regulate the 
flood waters in the upper reaches of the river in an 
area of 5,300 square kilometers. It will permit irri- 
gation of 100,000 hectares of fertile lands in the 
plains of the central part of Shansi Province. Two 
large reservoirs are under construction on the Huto 
Ho River in Hopeh Province. These artificial lakes 
will have 500 million and 1.2 billion cubic meters 
capacities. To complete work for their construction 
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it will be necessary to excavate 18 million cubic 
meters of earth. These reservoirs will irrigate 1.3 
million hectares of land.** East China will be serv- 
iced by electric power produced by the Hsin An- 
kiang hydroelectric power project in Chekiang 
Province, which is expected to be completed in 1960. 
This plant will have a capacity of 650,000 kilo- 
watts.*” 

The Hai Ho River, a waterway to the port of 
Tientsin has been reconstructed and has become a 
busy thoroughfare for sea-going vessels. A dam was 
built across the river, locks for vessels, as well as a 
canal. The main job of the dam is to prevent sea 
water from entering the river, and at the same time 
to prevent fresh water from discharging into the 
sea. The waters of the conquered Hai Ho will per- 
mit irrigation of over 3 million mw of rice fields. 
Ships of 3,000-tonnage will be able to enter the city 
limits from Taku at the mouth of the river.** 

Reports from Inner Mongolia indicate that plans 
for regulating the waters of the Liao Ho River have 
been made to get away from the perennial droughts 
and floods. It is calculated that within three years 
the irrigated area of Inner Mongolia will be in- 
creased by more than a million hectares.*® 

Construction of reservoirs for irrigation purposes 
has also been accelerated. The well-advertised Shih- 
San-lin Reservoir, 50 kilometers north of Peking, 
was constructed in 1958. It was built mainly by the 
manual labor of thousands of farmers in 160 days. 
Very little machinery was used. However, many 
high dignitaries of the Chinese Communist Party 
and Government officials demonstrated their 
“unity” with the people by shoveling earth. Among 
them was even Mao Tse-tung. This new reservoir 
contains 82 million cubic meters of water and per- 
mits the irrigation of 20,000 hectares of dry land 
annually. Shih San-lin Reservoir was built at a 
spot which had been venerated for three centuries 
by the Chinese people. Here were located 13 burial 
places of Emperors of the Ming Dynasty, and this 
site was at one time a Mecca for tourists visiting 
Peking. It was necessary to build a dike 600 meters 
wide and 30 meters high to create this reservoir.” 

About a month after the completion of the Shih- 
San-lin Reservoir, another large reservoir, the 
Hsiang Hun-tiang Reservoir, the largest in the coun- 
try, with a 2,640-million cubic meter capacity, was 
completed on the Hwai River.®' In the same year 
of 1958, another reservoir, the Hwai Chow, was 
completed near Peking, about 70 kilometers north- 
east of the capital. Its capacity is 100 million cubic 
meters, and it will solve the problem of irrigation 
for 6,000 hectares of land, as well as will prevent 
the flooding of 1.6 million hectares of ploughland. 
At the same time, the construction of another, the 
Miyun Reservoir, also near Peking, has been 
started. It will have a capacity of 600 million cubic 
meters. The Miyun Reservoir is being constructed 
in the upper reaches of two rivers, the Chao Ho and 


Pai Ho. It will be necessary to remove 23 million 
cubic meters of earth from the site of the reservoir. 
When completed, it will play a major role in pre- 
venting floods, and also in irrigating the surround- 
ing country, as well as in supplying the cities of 
Peking and Tientsin with water. The Miyun Reser- 
voir will be connected with the Kung Ming-Hu 
Lake through the Hwai Chow Reservoir. A canal 
will join it to the future Peking-Tientsin canal.%* 


SUMMARY 


Thus, this is a picture of the present construction 
pattern of Chinese waterways and hydroelectric 
power plants, as well as China’s plans for the fu- 
ture expansion of its construction program. There 
is no doubt that these plans as well as projects now 
under construction will play an enormous role in 
the economic life of China. To the above should be 
also added the reconstruction plan of the Grand 
Canal of China, which is now under way, and which 
will unite north and south China by an inland 
waterway, allowing ships up to 3,000 tons to ply 
along its course. A description of this canal, how- 
ever, because of a lack of space, will require sepa- 
rate coverage. 
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The SNAP-3 nuclear auxiliary power unit unveiled last January at the 


White House has produced electricity for more than a year, although it 
was only intended to demonstrate maintenance-free operation over a 


period of about 140 days. 


The output of the unit has dropped to a fraction of a watt, but the use 
of radioisotopes which decay more slowly than polonium 210 could pro- 
long operation without any substantial change in size or weight. Other 
isotopes could also be used to boost the generator's power level. 

The life of chemical batteries of comparable size is limited to a few 
weeks, and isotopic power units appear to offer greater reliability than 


solar cells. 
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ABSTRACT 


Thermal expansion effects in gearing have usually been considered from a 
steady state point-of-view. A theory of thermal instability is developed which 
takes into account the tendency of the thermal effects to be regenerative. This 
theory provides an adequate and complete explanation for several heretofore 
unexplained cases of tooth failure in high speed high horsepower reduction 
gears. Experimental verification of the theory is presented and some of the 
conditions for avoiding thermal instability are described. 


INTRODUCTION 


T HE PAST 10 or 15 years have been a period of 
great progress in the manufacture and application 
of high horsepower high speed reduction gearing. 
This has been particularly true in the field of tur- 
bine driven ship propulsion gearing, especially for 
naval vessels, in which field the design departments 
of the United States Navy and on smaller ships 
other navies have displayed engineering boldness in 
applying high horsepower gears at nearly double 
the specific loading that prevailed in 1945. 

This progress has not been achieved without a 
few cases of serious reduction gear trouble, several 
of these cases having occurred during full load test- 


ing of the reduction gears at the factory and others 
of which have occurred on ships during trials or 
later. These difficulties have for the most part been 
of the type in which a small segment of a tooth 
breaks out by fatigue, although one or two of the 
cases have comprised minor profile distress by scuf- 
fing. With the harder materials used in these higher 
K-factor gears, profile deterioration by surface fa- 
tigue, commonly known as pitting, has not proven 
to be a significant problem, so that the design ad- 
vances that have made the highly loaded marine 
gear practicable have thus overcome what was for- 
merly the major factor limiting the service life of 
the reduction gear, namely profile failure by pit- 
ting. 
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This paper is concerned mainly with tooth failure 
by fatigue in bending. Since the time the first fail- 
ures of this type occurred on large propulsion gears, 
strenuous efforts have been made to understand and 
explain the phenomena * * *. The explanations that 
have been advanced have been partial, at least 
from a quantitative point-of-view, since the nominal 
factor of safety in bending fatigue has in every case 
been of the order of 3. It is believed that the theory 
and data in this paper will comprise a more ade- 
quate explanation of one class of these failures. 

Generally, the discussion will pertain to double- 
helical, high speed gearing, operating at pinion 
speeds in the 4,000 to 8,000 rpm range, at pitch line 
speeds up to 300 ft./sec., and transmitting up to ap- 
proximately 15,000 horsepower per mesh. The spe- 
cific size of a reduction gear is determined by the K- 
factor, which number is in the vicinity of 200 for 
most of the gears under discussion. 

Since the power rating of these gears is near the 
limit of capability of existing skills and present 
manufacturing methods, any serious exploration of 
subtle difficulties must be accompanied by full-scale 
experimental work. Since 1946, the Bureau of Ships 
has conducted a vigorous program of full scale test- 
ing of ship reduction gears, of both conventional and 
experimental designs, at the Naval Boiler and Tur- 
bine Laboratory.‘ Likewise when we encountered 
difficulty with the main reduction gears for a large 
aircraft carrier during production testing in our 
shop several years ago, we immediately commenced 
to build a full scale model of the first reduction ele- 
ments in our Steam Division laboratory for experi- 
mental investigation. 

Long periods of operation of these tests produced 
a strange anomaly: the gears when operated under 
conditions seemingly identical to the ship’s gears 
would operate at loads and powers in excess of 200 
percent rating for very long periods of time with 
no distress whatsoever, even when the gearing was 
subjected to certain intentional derangements. Our 
experimental results up to that point are described 
in the next section of the paper. 

A repetition during shop testing of prior tooth 
breakage difficulties caused an intensified examina- 
tion of the evidence and a thorough review of the 
experiments performed. The present theory of ther- 
mal instability of gearing was developed. Then it 
became evident that the experimental testing had 
not been done in an identical manner to the operat- 
ing conditions of the ship’s gear. This theory is de- 
scribed hereafter. 

The laboratory test was then altered so as to re- 
produce the conditions more completely. At 100 per- 
cent load, indications of distress began to appear, 
and at 140 percent load an identical tooth failure 
was produced in less than 6 hours of operation. 
These results are described below. 

The last of the paper describes methods of design 
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and manufacture for the avoidance of this type of 
tooth failure. 


FAVORABLE LABORATORY RESULTS 

The laboratory test of high speed gearing is 
shown in Figure 1 and consists of two locked train 
sets of aircraft carrier first reduction gears, con- 
nected in a back-to-back arrangement with a tor- 
quing coupling on the shaft between the two high 
speed pinions. Drive is by a small turbine coupled 
to one of the gears. 


TasLe I—Gear Data (Full Power Values) 


Pinion Gear 
Pitch Diameter—In. ............ 12.009 42.261 
Face Width, Each Helix—In. .. 10.75 
Face Width, Total Plus Gap—In. 24.00 
Number of Teeth .............. 52 183 
Pressure Angle ...............: 16° -37'-22” 
Normal Pressure Angle ........ 14°-30' 
Addendum—In. ................ .200 
Pitch Line Velocity—ft/sec .... Over 250 
Tangential Tooth Load—lbs .... 35,000 
Tooth Load Per Inch of Face .. 1,630 
174 
Tooth Contact Stress—psi ...... 56,600 
Tooth Bending Stress*—psi ....13,300 


*Calculated per Military Specification MIL-G-17859. 


Data on the gearing under test is given in Table 
I, which shows that the K-factor and tooth bending 
stress are moderately high and that the pitch line 
speed is high. 

Whereas the size of the test is very large, the 
unique feature of the experiment is the use of strain 
gages (Figure 2) in the roots of the teeth to meas- 
ure tooth load distribution and bending stress’. 
Three gages are arranged across the face width of 
each helix as shown in Figure 3. In addition, three 
resistance wire temperature gages are placed at the 
two ends and at the gap of the pinion. The nine 
gage signals are taken from the rotating shaft 
through slip rings. The pinion on each unit is in- 
strumented. 

The sketch, Figure 4, shows the arrangement of 
gears and pinions, the direction of rotation, and the 
designation of the two gear units as the “A” unit 
and the “B” unit. The results of a few of the many 
very favorable tests on this apparatus are given in 
the following paragraphs. 

Tests at Increasing Loads: Since the pinion ma- 
terial endurance limit is 70,000 psi minimum, as de- 
termined by rotating beam specimens cut from sim- 
ilar pinion forgings, the apparent factor of safety 
for bending fatigue is approximately 4. One would 
therefore expect that, barring any severe irregular- 
ities in tooth loading due to poor alignment, incor- 
rect helical angle or tooth non-straightness, this 
gearing would take large overloads without tooth 
fracture. 
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Figure 3. Location of Gages on Pinion. 


Figure 2. Strain Gage in Tooth Root. 


The excellent tooth geometry and alignment is 
proven by the set of strain gage records taken at 
full load and full speed, Figure 5. Note that there 
are data for both “A” and “B” units, and the in- 
strumentation yields separate data for each mesh in 
each locked train gear. 

The variation in tooth load along the helix is not 
large, and the data also show that the load is near- 
ly perfectly divided between helices and also be- Figure 4. Sketch of Laboratory Test. 
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Figure 5. Full Load, Full Speed—Strain Gage Readings. 


tween meshes, the latter indicating good “timing” 
of the coupled locked train gears. 

The expected good results were attained when 
the load was increased in 25 percent steps to over 
200 percent torque, Figure 6 giving the strain gage 
readings at 206 percent torque. A plot of the aver- 
age of the six gage readings for many tests at vari- 
ous loads (Figure 7) shows that the gage readings 
are proportional to torque, as would be expected 
with properly operating gearing. 

Shown on Figure 7 are curves labeled “Maximum 
bending stress,” obtained by multiplying the gage 
reading by a factor (1.46) to account for the fact 
that the gage is not at the point of maximum stress 
and also is recessed from the surface. 

Each of the load points shown in Figure 7 were 
run for 60 hours continuously. This time imposes 
5,000,000 cycles of stress on each gear tooth and 
35,000,000 cycles of stress on each pinion tooth, 
which are sufficient cycles to produce a fatigue fail- 
ure in event the bending stress exceeds the endur- 
ance limit. 

After the conclusion of the extensive testing de- 
scribed above, comprising nearly 400 hours at loads 
up to 206 percent rating, the pinion and gear teeth 
were in excellent condition, with no signs whatso- 
ever of distress or wear, no pitting and no magna- 
flux indications of cracks. 


Profile Effects: Although the pinions in the “A” 
and “B” units are alike in involute profile, the pro- 
files of the gear teeth on the two units are different. 
The “B” unit gears have nearly perfect involutes, 
with virtually no tip and root relief. The “A” unit 
gear profiles have appreciable tip and root relief, 
the magnitude of which increases slowly from the 
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Figure 6. 206% Torque, Full Speed—Strain Gage Readings. 
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pitch line to the tip or root. The pressure angles of 
the gear and pinion profiles are matched. 

This type of tip and root relief is illustrated in 
Figure 8, showing the deviation from a perfect in- 
volute for the pinion and gear and the resulting 
match of the two when under load. This type of re- 
lief contrasts sharply to the more sudden, abrupt, 
tip and root relief often employed by others. 

It has long been believed that large amounts of 
tip and root relief are highly undesirable, the result 
being the equivalent of excessively stubbing the 
teeth and thus lowering the contact ratio and in- 
creasing both bending and contact stresses. The 
effect on bending stresses is shown by comparing 
the strain gage readings for the two gear units in 
Figure 5. The “B” unit, having little tip and root 
relief, shows an average gage reading of 12,400 psi. 
The “A” unit, with moderate tip and root relief, 
shows a much larger average gage reading, namely 
17,400 psi, which is 40 percent greater than the “B” 
unit readings. It should be emphasized that large tip 
and root relief values could easily double the tooth 
bending and compressive stresses. 


TIP AND ROOT RELIEF 


MATING PINION & GEAR 
NO LOAD LOADED 


/ 


OUTSIDE DIA. 


PITCH DIA. 


FORM DIA. _ 


"I" HOBBED PROFILE, R=.0006" 
"2" FINAL SHAVED, r= .0004" 


Figure 8. Tip and Root Relief. 
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Misalignment Effects: We have also long suspect- 
ed that the over-all flexibility of gear teeth is of the 
order of twice that calculated from simplified 
methods of analysis. The results of many tests con- 
ducted on the laboratory gears support this convic- 
tion and demonstrate that gearing of this type can 
accept moderately large misalignments without dan- 
ger. 

Illustrative of these data is Figure 9, showing a 
full power run with one gear bearing intentionally 
raised .010”. Since the properly timed locked train 
gear distributes misalignment equally between the 
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Figure 9. Intentional Misalignment of .010”. 


two meshes, this corresponds to .005” misalignment 
across one mesh, or .002” across a single helix 
(which is 11” long). 

Figure 9 shows that this .002” misalignment drove 
the level tooth loading into a triangular shape across 
the face width. This effectively doubles the bending 
and contact stresses at one end of each helix, and 
lowers these to zero at the other end. Although this 
is an undesirable operating condition, the gearing 
material has adequate reserve to withstand indefi- 
nite operation under triangular loading distribution 
across the complete face width. Thus a .002” mis- 
alignment across a single helix is not a totally un- 
acceptable operating condition, for gearing of the 
type considered and comparable loadings. 

These data further permit the quantitative con- 
clusion that corrections for pinion deflection due to 
bending and twist are entirely unnecessary when 
the mismatch due to these deflections is .001” or 
less. With more highly loaded gearing, corrections 
for these deflections become even less important, 
provided equal nominal factors of safety are main- 
tained by the use of higher strength materials. 

Speed Effects: The construction of the high speed 
wheels (Figure 10) permits unequal expansion of 
the gear rim due to centrifugal forces as caused by 
speed. For the wheels under test, the differential ex- 
pansion from high to low point along the length of 
the tooth calculates to be .0022”, at rated full speed. 

The result of this differential expansion is seen in 
Figure 11, showing the loading diagrams for %4, %, 
3%, and full speed. The effect is seen to be distinct 
but not large. 

Center Gap Cooling: Without special center oil 
sprays the centers of the pinion and gears run at 
higher temperatures than the ends or edges, the re- 
sulting differential thermal expansion producing a 
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Figure 10. High Speed Gear Wheel. 
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Figure 11. Effect of Speed. 
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“barrelling” of both pinion and gear and consequent 
higher tooth loads near the gap. By valving the 
center sprays on the “A” unit, the beneficial effect 
of center gap cooling is demonstrated while the 
gears are operating without any interruption or 
shutdown. The results for 100 percent load, shown 
in Figure 12, are again significant but not large. 
Shutting off the center sprays causes the stress at 
the gap to increase approximately 30 percent. 


~——_____.. CENTER SPRAY oN 
@-————o CENTER SPRAY OFF 


STRESS ~ PS! 
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Figure 12. Effectiveness of Center Spray. 


Oil Spray Location: The basic arrangement of 
sprays for the “A” unit consists of 4 mesh sprays 
and one center spray for each mesh, spraying the 
ingoing mesh. Many variants of sprays have been 
tried, these including: 


(1) For one mesh, sprays on the ingoing side; for the other 
mesh, sprays on the outgoing side of the mesh. 
(2) Only one bank of sprays, but including a center spray. 


Despite the many variants tested, none produced 
a significant change in load or stress distribution, 
except when the center sprays were entirely cut off, 
as described in the preceding paragraph. 


Summary: A review of the above series of tests 
will show that, although important quantitative re- 
sults have been obtained, the gearing as designed 
and manufactured displays excellent load carrying 
abilities and could reasonably be expected to run 
without failure or distress at considerable overloads 
and under marked distortions due to uncontrollable 
deflections and misalignments. 


SHOP TEST RESULTS 

The modern trend for highly loaded naval pro- 
pulsion gears is to full power test each production 
gear for periods ranging up to 24 hours. Our latest 
test floor arrangement for conducting these endur- 
ance tests is shown on Figure 13. A special test gear 
having an integral loading device is arranged for 
convenient connection to the production gear, in a 
back-to-back arrangement. The small drive turbine 
operates the test at rated speed, and also is used to 
conduct the overspeed test. 
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Figure 13. Test Floor Arrangement. 


A recent order for large propulsion gears had 
tooth geometry and loading nearly identical to that 
used in our laboratory test and described in Table 
I. The first two gears successfully underwent a 24 
hour full power shop test, with no difficulty or dis- 
tress. The third gear experienced a tooth failure on 
the high pressure high speed pinion, after 12 hours 
of operation at full power. 

This failure consisted of a fatigue fracture at the 
gap end of the aft helix of the pinion, a length of 
tooth approximately 1” long having broken out, as 
shown in Figure 14. The fracture started from the 
face on the inside of the vee or apex formed by the 
right and left hand helices, as shown at “x” in Fig- 
ure 15. An unusual aspect of the failure is that the 
crack started on the active profile slightly above 
the first point of contact in the dedendum, rather 
than in the root at the point of maximum bending 
stress. 

Close examination of all teeth during subsequent 
marking runs revealed several significant facts: 


(1) The helical angle match between pinion and gears and 
the alignment were excellent as measured by slow roll 
marking at 24’s full load torque. 

(2) The full speed, high torque marking was very good 
when the teeth were loaded with the load on the out- 
side of the vee (or apex) on the pinion (Figure 
15(a)). 

(3) The full speed, high torque marking was very poor 
when the teeth were loaded with the load on the in- 
side of the vee (or apex) on the pinion (Figure 
15(b)). The marking was distinctly heavy near the gap 
ends of the teeth, and distinctly light near the flank 
ends of the teeth (Figure 15(c)). 

(4) Accompanying the uneven, gap-heavy, loading of (3), 
the gear teeth showed excessively heavy marking in 
the dedendum near the last line of contact with the 
pinion. 

Since the gear under test was a two-turbine input 
locked train gear, there were a total of four high 
speed wheels on which observations (2), (3), and 
(4) could be made. The consistency of these obser- 
vations was remarkable, pointing strongly to a 
phenomenon not yet explained. 
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It soon became evident that the problem was a 
thermal problem, since it was discovered that im- 
mediately after a run with loading in the adverse 
direction, the center of the pinion was much hotter 
to the touch than the ends. Improved methods of 
cooling were introduced, and a routine was set up 
to obtain contact thermometer readings on the cen- 
ters and ends of the gears and pinions immediately 
after a fast controlled shut-down, so as to evaluate 
the effectiveness of the improved cooling. 

These data are presented in the curves of Figure 
16. When extrapolated backward to zero time, these 
curves show positively that only when the loading 
is on the outside of the vee of the helices does the 
“barrelling” thermal effect show up strongly on the 
gears. The effect is always present to a noticeable 
degree on the pinions; however the same tempera- 
ture differential on the wheels is many times more 
serious since the diameter of the gears is 3x that 
of the pinion. 

Explaining Figure 16 in more detail, the back-to- 
back test of Figure 13 loads one side of the ship 
gear ahead and the other side astern. Figure 16(a) 
and (b) correspond to this. Then the load is re- 
versed in direction, reversing the torque on the two 
sides, for which Figure 16(c) and (d) apply. In 
each case, only one side shows adverse thermal 
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effects on the gears, the side being different in the 


two cases (Figures 16(a) and (d)), and both sides 


showing adverse loading had been torqued so that 
the load was on the inside of the vee of the pinion. 

As a result of these observations, we examined 
the thermal effects more closely and developed the 
theory described in the next section. 


THERMAL INSTABILITY OF GEARING 


The heat generated at the mesh, although a small 
part of the power transmitted, must be conducted 
away and radiated from the area of generation at a 
sufficiently high rate to prevent thermal instability. 
This is a problem that becomes critical only when 
the power flux through the gearing is high. Thus 
the problem is limited, for the most part, to high 
horsepower per mesh gears, and these perforce are 
gears with high or moderately high pitch line 
speeds. 

The heat loss at the mesh has never been accur- 
ately determined for large helical gears, but by de- 
ducting the known bearing losses from the over-all 
losses of a reduction gear under full power test, the 
mesh losses are found to be of the order of 0.2 per 
cent of the power transmitted. The distribution of 
the generation of heat during the action of the gear 
and pinion teeth from the first point of contact to 
the pitch point and thence to the last point of con- 
tact is illustrated by Figure 17, from a recent paper 
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Figure 16. Temperature-Time Curves. 


by Shipley,> who experimentally determined the 
average coefficient of friction for spur gears oper- 
ating at pitch line speeds up to 100 ft/sec to be ap- RATE OF LOSS 
proximately 0.04. 

A crude first approximation is that the average 
coefficient of friction does not change with pitch IST POINT 


ee or load. The power loss is then propor- OF CONTACT 


(1) the number of engagements per second, or pitch line 
velocity, and 


(2) the total tooth load, or transmitted torque. 


Thus the power loss is proportional to the power 
flux or transmitted horsepower. 
The heat generated is conducted from the mesh 
area by the body of the pinion to the bearing jour- 
nals, and by the rim of the gear wheel to the side 
plates, center plates and hub. Heat is removed by 
convection via the cooling oil from the sprays and 
by the turbulent air in the gear case. The radiation 
effect is a small percentage of the whole due to the LAST POINT 
relatively low temperatures of the pinion and gear 
OF CONTACT 


Any temperature differences upset the accurate Figure 17. Heat Loss in Gearing. 
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geometry of the gearing and cause abnormal effects, 
some of which increase the rate of heat loss at local 
sections of the mesh. 


“Barrelling” of Pinion or Gear 


The center of a pinion or gear will almost inev- 
itably be hotter than the ends, since the center 
plane is a plane of symmetry and the heat flow will 
be away from this plane, on both sides, unless un- 
usual methods of cooling the center are employed. 
The resulting differential thermal expansion of the 
center of the pinion or gear produces a “barrelled” 
shaped pitch cylinder (Figure 18), which leads to 
greater load per inch of face width near the gap and 
a lesser unit load near the ends. 

The local effect on tooth load is proportional to 
the relative thermal expansion or “barrelling,” the 
pressure angle in the plane of rotation (#) and the 
tooth flexibility. The effect is independent of helical 
angle, so for evaluation we shall consider the pinion 
of Figure 19 as having spur teeth and assume that 
a one inch length near the gap is expanded in a 
stepwise manner, .0002 inch per inch, which cor- 
responds to a temperature differential of 30°F in 
steel. Figure 20 shows the effect of this expansion 
on the tooth position in the local section. The profile 
is made “proud” at each point by 

resin ® 
where r is the radius to the point of the profile, 
e the unit expansion (e.g., .0002 inch/inch) and & 
the pressure angle at the point in question. At the 


— 


Figure 18. Barrelling of Pinion and Gear. 
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Figure 19. Expansion of 1 Inch Length of Pinion. 


pitch point on the pinion whose dimensions are 
shown in Table I: 


resin ® = 6 x .0002 x .286 
= .00034 inch 


and the gear 


resin ® = 21.13 x .0002 x .286 
= .00121 inch 


both values being for a .0002 inch/inch expansion 
AF=30°). The combined effect would be 

.00034 + .00121 = .00155 inch 
which is very significantly large. 

A more subtle effect is the influence of pinion 
expansion on contact up and down the profile. As 
may be seen from Figure 20, the tip of the pinion 
will distort more than the root. This is due to the 
greater radius at the tip and also the fact that the 
pressure angle is greater at the tip, the amount of 
heavy contact being given by the equation: 


resin® =resincos"—” 


+— 
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CIRCLE 
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Figure 20. Effect of Expansion on Tooth Profile. 
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where r=radius to any point on the profile, and 
Tr, = base circle radius. 

If the pinion only is expanded locally (Figure 19), 

the profile is “proud” by the following amounts (for 

the pinion of Table I): 

First point of contact: resin 6 = .00022 (root of pin- 

ion) 

Pitch line: resin 6 = .00034 (pitch point) 

Last point of contact: resin ® = .00045 (tip of pin- 

ion) again for e = .0002 inch/inch. 

Observations of tooth contact after full power 
operation, on gears known to have excessively 
warm pinions, clearly show the strong root heavy 
marking on the teeth of the mating gear wheel, as 
predicted by the theory in the previous paragraph. 


Effect of Temperature Difference Between Pinion 


and Gear 


In most high speed gearing, the pinion will have 

a higher average temperature than the mating gear. 

The reasons are twofold: 

(1) The number of engagements per second per tooth is 
higher, so that the heat input per unit surface area is 
higher on the pinion by a factor equal to the gear ra- 
tio, and 

(2) the cooling of the wheel is superior to that of the 
pinion. 

On a locked-train gear, where one pinion engages 

two gears, reason (1) above is doubly important. 

A uniform temperature difference of say 30°F be- 
tween pinion and gear would not produce signifi- 
cant effects on a spur gear, the sole effect being to 

create slight tip-heavy loading on the pinion. On a 


double helical gear, however, the effect would be 
most significant. 

Figure 21 is a pitch circle layout of the pinion 
and gear of Table I, showing the base circles, the 
outside diameters and the line of action “apb.” The 
plane of action, determined by “apb” is projected 
into the plane of the paper to form the rectangle 
“abcd” for the aft helix and “a’b’c’d’” for the for- 
ward helix. The contact lines between pinion and 
gear are shown in this plane, these lines being 
straight lines inclined to the axis at the base cylin- 
der helical angle. It should be noted that the for- 
ward helix (on the pinion) is a right hand helix, 
whereas the aft helix is a left hand helix, this being 
established conventional practice in some activities. 

The line of action shown is for the pinion driving 
in the direction of the solid arrow, which is the 
standard direction for a single screw ship, or the 
starboard propulsion plants of a multi-screw ship. 

Now consider the effect of a uniform temperature 
differential between pinion and gear, the pinion be- 
ing the hotter. If both were made of completely 
rigid material, so that no elastic deflection, only 
thermal expansion, occurred, the following would 
result. The pinion would grow uniformly in every 
direction, and, if one point (say “d’’) is taken as a 
reference point, the thermal expansion would be 
proportional to the distance away from the refer- 
ence point. Point “d” (and “d’”) on the last teeth in 
contact, would remain in contact. The other pinion 
teeth would progressively back off from the mating 
gear teeth by the distance between the dotted lines 
and the original contact lines, this being the amount 
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Figure 21. Effect of Temperature Differential Between Pinion & Gear. 
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of the thermal expansion. Thus axially from “d” to 
“b” the loss of contact increases to a large amount 
at “b,” although along the line of action, “d” to “c” 
the separation is relatively small. A duplicate effect 
occurs on the forward helix, where point “d’” stays 
in contact and the other pinion teeth that were pre- 
viously in contact back away from contact by an 
amount proportional to the distance away from 
point “d’”’, measured in the plane of action. 

The pinion and gear, being made of elastic rather 
than rigid materials, do not lose contact as shown. 
Instead, the teeth tend to hog the load strongly ad- 
jacent to the gap, and shirk the load strongly near 
the outside ends. For future reference we shall call 
this situation Case I. A more general viewpoint of 
this effect can be obtained if one considers that the 
pinion, being hotter than the gear, expands uni- 
formly in all directions. The imaginary but impor- 
tant base cylinder expands uniformly, altering (1) 
the base pitch and (2) the axial pitch. (1) causes 
the slightly heavy tip loading, and (2) causes the 
much more important effect of creating gap-heavy, 
end-light, loading. 

Now examine this effect when the pinion drives 
in the opposite direction, as shown by the broken 
arrow. This is the direction of rotation for port units 
on multi-screw ships. The line of action is now ApB 
and the plane of action the rectangle ABCD. The 
hand of the helices is the same as before, since the 
gearing geometry has not been changed. 

Now when the pinion is uniformly hotter than 
the gear, and we take points C and C’ as the refer- 
ence point for the two helices, we find that a con- 
verse effect occurs. As we progress away from the 
point C, the pinion teeth expand into the gear teeth 
by a progressively larger amount. Thus the gap 
ends of the teeth tend to shirk the load and the 
outside ends tend to hog the load. This we shall call 
Case II. 

It should be carefully noted that the difference 
between the Case I effects and the Case II effects is 
determined by the direction of loading and not by 
the direction of rotation. Case I occurs when the 
pinion teeth are loaded on the inside of the apex 
(Figure 15b). Case II occurs when the tooth load- 
ing on the pinion is on the outside of the apex 
(Figure 15a). On the gear wheels, of course, the 
inverse loading occurs. 


Conditions Leading to Thermal Instability or Re- 
generation 


Consider the local effects of a thermal expansion 
as shown in Figure 19. The tooth load in this local 
section increases markedly. This increases the heat 
generated in the mesh in this local section, thus 
raising the temperature of the local section, in- 
creasing the expansion and hence the load and the 
heat generated. Meanwhile the unit loads in other 
areas are being slightly decreased, and thus these 
other areas are slightly contracting. It is not difficult 
to conceive that this process can be thermally un- 
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stable or regenerative, to the extent that the process 
will continue until a tooth failure occurs at the lo- 
cal section. What then are the conditions that may 
lead to a regenerative type of failure? 

Case I as described above is the condition when 
the loading is on the inside of the apex of the pin- 
ion. It was shown by Figure 21 that this leads to 
gap-heavy tooth loading. Heat flows with great dif- 
ficulty from the center of the pinion and gear. This 
case then has the basic elements of a regenerative 
or unstable system. 

Consider Case II loading, with the load on the 
outside of the apex of the pinion. This leads to an 
end-heavy, gap-light, tendency. The cooling condi- 
tions on the ends of the pinion and gear are good, 
both by conduction and by convection. This case 
then has the basic elements of a degenerative or 
stable system. 

Now add the “barrelling” effect, as caused by a 
temperature difference along the length of the pin- 
ion, which not only normally occurs to a limited 
extent, but which will be amplified by the warm 
pinion effect. This “barrelling” effect is directly 
additive to the Case I effect, adding load at the gap 
and subtracting load at the ends (Figure 22). Thus 
the “barrelling” effect increases the unstable tend- 
ency of the system for Case I. 

The influence on Case II of the “barrelling” effect 
is subtractive, decreasing the concentration of load- 
ing at the ends and supplying additional loading to 
the gap-light sections of teeth. Thus a system that 
tends basically to be stable or degenerative is fur- 
ther aided by the “barrelling” effect. 

The composite effects are shown graphically in 
Figure 22, and to summarize the above conclusions 
we can say: 

On a double helical pinion and gear, thermal instability 
leading to tooth failure or profile distress can exist if the 
pinion is loaded with the load on the inside of the apex of 
the teeth. When the loading is on the opposite side of the 
teeth (i.e., on the outside of the apex), thermal instability 
is most unlikely to occur, the system being basically stable. 


UNFAVORABLE LABORATORY RESULTS 


After the theory in the preceding section had 
been developed, it became self-evident that the lab- 
oratory test up to then had been operated in the 
favorable direction of loading. We immediately set 
about to repeat the previous experiments with the 
direction of loading reversed. For this loading and 
the same direction of rotation as before, the “A” 
unit of Figure 4 is acting as a speed increaser, and 
the “B” unit as a reduction gear of identical rota- 
tion to that on a ship’s starboard shaft. The first 
tests were run at 100 percent load. 

The stress distribution curves of Figure 23 show 
at once that the loading is gap-heavy. On the “A” 
unit, although the coupling end helix (gages 4, 5, 
and 6) has essentially level loading, the opposite- 
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Figure 23. Tooth Stress at 100% Torque-Reversed Loading. 


end helix (gages 1, 2, and 3) shows severe nonuni- 
form loading, which is almost triangular in shape, 
nearly doubling the gap end stress. And this has 
occurred on a set of gears whose static alignment 
has been proven to be excellent! 

If the upset of level loading on the “A” unit is 
classified as severe, then the result on the “B” unit 
should be called violent. Two out of four meshings 
on the two helices show violently gap-heavy load- 
ing, the remaining two showing a strong gap-heavy 
tendency. In two instances the stress at the gap has 
increased to 250 percent of average value. 

It should here be recalled that the “B” unit has 
little tip and root relief on the profiles, while the 
profile modification on the “A” unit is moderate in 
magnitude. 

The ordinates of the curves of Figure 23 and the 
subsequent figure are not actual gage stress values 
but are these values multiplied by a factor to make 
the average values comparable in magnitude to the 
average values of the preceding curves. This pro- 
cedure is required since the strain gages are on the 
loaded side of the teeth for the tests described in 
this section, and on the nonloaded side of the teeth 
for the tests described in earlier tests. 

Further experimentation at 100 percent load re- 
vealed the important information that the gap- 
heavy condition was accentuated by deviations in 
the oil spray patterns, in contrast to the negative 
conclusions for the opposite direction of loading. 
Also when the center sprays were entirely cut off, 
the gap stress rose 70 percent whereas this rise was 
only 30 to 40 percent for the opposite direction. 

To corroborate these observed unstable effects, 
we increased the torque to 140 percent full load 
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torque, and ran for 6 hours at full speed. The curves 
of Figure 24 show that now all meshes of both units 
have become gap-heavy. On the “A” unit, the worst 
case shows triangular loading across the full face 
width, leading to a doubling of the stress at the gap. 

On the “B” unit, however, the stresses at the gap 
have increased more violently, and it is evident 
that the noncoupling end helix is not loaded over 
more than 70 percent of its face width. The peak 
stress reading is over 300 percent of full load aver- 
age stress. The surface temperatures of the pinion 
were higher than usual, 182°F at the gap and 163° 
and 167° on the ends. At 100 percent load the cor- 
responding temperatures were 173° at the gap and 
151° at the ends. 

Upon shutdown and inspection, a broken tooth 
was found on the pinion of the “B” unit, at the for- 
ward end of the aft helix. This fracture, shown in 
Figure 25 is almost a perfect duplicate of the failure 
previously obtained during shop test of a similar 
gear as described earlier! The fracture occurred on 
a tooth not carrying a strain gage, so that the stress 
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must have been slightly higher than the values 
given on the curves of Figure 24. 

In addition to the actual tooth failure and the 
strain gage readings, heavy-gap loading was shown 
on the copper sulphate marking patterns on the 
gear teeth. Furthermore, the aft helix of gear 
“BW2” (see Figure 4) showed a line of pitting in 
the lower dedendum adjacent the gap, again this 
being the type of profile distress noted on the shop 
test. 

In summary, the laboratory test gave most un- 
favorable results when the loading was reversed to 
duplicate the unstable condition predicted by the 
theory. At 140 percent load a tooth failure was 
produced which was identical in every respect to a 
recent prior failure on a shop test of a large ship 
gear. 

It should here be noted that all of the tooth fail- 
ure difficulties that we have experienced on highly 
loaded gears have occurred in the shop or labora- 
tory, and that all ships having these gears have ex- 
perienced uninterrupted, trouble-free operation of 
the reduction gears in service. 
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ADDITIONAL CORROBORATIVE CASES 


Since 1950 there have been a number of instances 
of difficulty with high speed gears, and nearly all 
of the first reduction cases are explained by the 
theory previously set forth. 


Minor Scuffing on LSD (Landing Ship Dock) Main 
Reduction Gears: 

On the first two ships of this class, after the sea 
trials minor scuffing appeared at the gap ends of 
the helices of the high speed high pressure pinion, 
on the starboard reduction gear only—in which case 
the apex of the helices trail, so that the inside of the 
vee on the pinion is loaded. No difficulty or load 
concentration was experienced on the port gears. 
The scuffing was corrected by reshaving the pinions 
and the use of a mild EP oil (Navy symbol 2190- 
TEP). 


Tooth Failures on Shop Tests of a Large Aircraft 
Carrier Gear: 

Of three high speed pinions that developed frac- 
tured teeth on shop test, all three were loaded on 
the inside of the vee of the helices and the fractures 
were located at the gap ends of the helices. No fail- 
ures occurred on the outboard ends of the helices 
nor for the case where the pinions were loaded on 
the outside of the apex. 


Merchant Ship Gears: 

There have been several unexplained minor diffi- 
culties on the first reductions of merchant ship 
gears. All of these have been at the gap end of the 
helix, and in every instance the loading was on the 
inside of the apex of the helices. Although the mer- 
chant ship gear transmits only about one-half the 
horsepower per mesh as compared with a naval 
propulsion gear, the pitch line speeds are as high, 
the pinions are as large, and the high speed wheels 
are much larger than those on Navy gears. These 
factors all contribute to establishing the conditions 
for thermal instability. 


METHODS OF AVOIDANCE OF THERMAL INSTABILITY 


A complete description of a disease as well as its 
symptoms and causes is interesting but of no great 
help to the patient. But, when the right diagnosis is 
made, the treatment and cure become evident. The 
theory of regenerative heating, developed herein, 
has led to the development of methods of design and 
manufacture that will eliminate the occurrance of 
thermal instability, and will produce gears of great 
reliability and low specific weight. 

The most important factor is the direction of 
loading with respect to the vee of the helices. For 
conventional marine first reduction gear trains, a 
solution can be obtained simply by selecting the 
hand of the helices so that the apex leads for ahead 
rotation. For single screw ships, this can readily be 
done. However, for multiple screw ships with oppo- 


site rotation of propellers, it is undesirable to have 
opposite-handed gear trains. 

In this case, when the apex must trail, thermal 
instability can be controlled by center gap cooling 
and the selection of'tip and root relief. 

Center gap cooling by special oil sprays or other 
means such as improved conduction paths is very 
effective in limiting the build-up of stress at the 
gap due to “barrelling” of the pinion or gear, and 
hence careful design of center cooling schemes is 
essential for high speed gears. When other unfav- 
orable conditions are cascaded, center gap cooling 
alone is not sufficient to prevent thermal instability, 
so that attention must be directed towards reducing 
rather than dissipating the heat generated at the 
mesh. 

The heat generated at the mesh can be controlled 
and minimized by careful selection of tip and root 
relief on the tooth profiles. The reduction in tooth 
pressure near the extremities of the tooth (where 
the sliding velocities are highest) changes the shape 
of the heat loss curve of Figure 17 by blunting the 
peaks and thus the area under the curve, or total 
heat generated, is markedly reduced. The data 
showing the difference in performance between the 
“A” and “B” units make it clear that controlled tip 
and root relief are essential if successful operation 
is to be obtained when the direction of loading is 
adverse. The tip and root relief should increase 
gradually with distance from the pitch line, and not 
abruptly so as in effect to stub the tooth. It is es- 
sential that tip and root relief be limited in amount 
to small values, for otherwise the tooth bending 
stress and contact stress will be increased exces- 
sively. 
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The France is launched. 


Champagne-christened by Madame de Gaulle, holy water- 
blessed by the Bishop of Nantes, and described as a symbol 
of French vitality and peaceful hopes by President de 
Gaulle, the France was launched in mid-May sunshine at 
the Chantiers de l’Atlantique (Penhoet-Loire) shipyard in 
Saint-Nazaire. When she goes into service between Le Havre 
and New York early in 1962, this new, 66,800 gross ton pride 
of the French Line will be the world’s longest liner (1,035 
feet), carrying 2,000 passengers in ultimate comfort and 
safety on each five-day crossing. 


The slides down ways. 
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“MARINE ENGINEERING/LOG” 


THE COST OF SHIPS-USA vs. FOREIGN 


ACKNOWLEDGMENT 


“This article is an abstract of the paper presented at the March 22, 1960 
meeting of the New York Section of the Society of Naval Architects and 
Marine Engineers. The author is Mr. George J. Kurfehs, consulting engineer 
and naval architect. The abstract was prepared by the staff of “Marine 
Engineer/Log” and appeared in the April 1960 issue of that publication.” 


: we PAPER DEALS only with the cost of building 
commercial ships. When speaking of building a ship, 
whether in this country or abroad, there are nor- 
mally two costs involved: 

1. The cost to the builder and 

2. The cost to the owner or prospective purchaser. 
Under ideal conditions the cost to the owner should 
be slightly higher than the builder’s cost to include 
a reasonable margin of profit for the builder. Un- 
fortunately, during the past few years in this coun- 
try, in the Maritime Administration program, this 
has not been the case except in rare instances. Com- 
petitive bidding has been intense, with profits going 
out the window and, in some cases, with bids being 
made at a deliberate loss. 

With the market in a severely depressed condition, 
private shipbuilding is scarce, and the Maritime 
Administration ship replacement program is only 
“a drop in the bucket.” In recent years funds have 
been allocated annually for about 14 ships. This 
amounts to about 8/10th of a ship per yard per year 
on the average. 


FOREIGN AID 


The Foreign Aid Program has now reached a to- 
tal of approximately $71,000,000,000. Let us look at 
71 billion dollars in terms of ships. Actually this 
figure represents the equivalent cost of 120 Marin- 
ers built per year for each of the next 100 years at 
today’s prices, and assuming a 50 per cent subsidy. 

It should be noted that the annual interest alone 
on 71 billion dollars would allow construction of 20 
ships like the SS United States, or 40 such ships 
with the owner contributing 50 per cent of the cost. 
Carrying this thought further, the annual interest 
alone on 71 billion dollars would almost cover the 
cost of replacing and modernizing the entire subsi- 
dized fleet of 300 vessels; this with no contribution 
from the owners. 

These are astronomical numbers both in terms of 
dollars and ships, but to get back to reality, we 
must remember that the Maritime Administration 
is struggling along on a 14-ships-per-year program. 

Reference has been made to the harm that for- 
eign aid has done to segments of American indus- 
try. This has evidenced itself in the form of both 
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the creation of, and assistance to international com- 
petitors in many fields. Ships have actually been 
built in foreign shipyards, and war-torn shipyards 
have been rehabilitated with U.S. taxpayers’ 
money. It is even not unlikely that some of these 
funds have found their way indirectly into the ship 
subsidy programs of some foreign governments. 

At a time when American shipyards are ap- 
proaching payment of a $3.00 direct hourly wage 
rate, as contrasted to a direct hourly rate on the 
part of our competitors, which is in some instances 
as low as $0.40 per hour, any stimulus to these com- 
petitors is short sighted on the part of our govern- 
ment. 


U.S. CONSTRUCTION COSTS 

Before getting into the differential in cost be- 
tween foreign and American ships and the reasons 
therefore, it is probably a good idea to trace the cost 
of the better known ships built in this country since 
enactment of the Merchant Marine Act of 1936. 
Ships, like almost everything else, have been in- 
creasing in cost . 

If we examine some of the bid prices back in 
1939 and 1940, when the MARAD index was around 
100, we find that the SS America, which will be 20 
years old in a few months, was contracted for at a 
price of $15,750,000. This was an adjusted-price con- 
tract. One of the more interesting and unusual ram- 
ifications of this contract was that the escalation 
actually worked out to be negative. Replacement 
cost today would probably be $50,000,000 if built to 
original specifications. Other typical contracts were 
as follows: 


Builder 
Beth. Sparrows Pt. 


Contract Price 
$1,889,000 
2,070,000 
2,443,000 
2,430,000 
2,890,000 


Although the Lykes and Moore-McCormack re- 
placement vessels are slightly faster than the origi- 
nal C3 type, the cargo carrying capability is no 
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NORMAL FOREIGN 


PERCENT 


"MULTIPLE vs SINGLE 
SHIP CONTRACTS, 
PERCENT SAVING 


2 
NO. OF SHIPS 


Comparison of Original C3 and Replacement 
C3 Vessels 


Lykes 
C3-S-37 (a) fa) 


Mormac 


Bale Cubic 5 
Deadweight 11,340 (30’) 12,290 (31’-3”) 
Light Ship Wt. ..... 5,870 5,940 
S. H. P. (Normal) .. 9,000 11,000 
18 
$10,123,923 


greater. The question arises—why do the replace- 
ment vessels average 293 per cent and 314 per cent 
higher in cost than the original C3 type, whereas 
the general cost index, Figure 1, shows a proper 
increase of around 175 per cent. 


The answer to this question lies to a very large 
extent in the light-ship weight. The replacement 
vessel, although smaller in each case than the orig- 
inal C3, is heavier in light-ship weight by 695 long 
tons in the case of Lykes and 675 long tons in the 
case of the Mormac ships. Why the increase in light- 
ship weight? Some reasons are listed below. 

@ The modern vessel carries considerably more 
equipment than did its older sister. This includes 
air-conditioning in the crew’s and officers’ spaces. 
In addition, these spaces have grown in size to ac- 
commodate fewer personnel in each room. The pub- 
lic toilet and shower has disappeared and in their 
place we have private and semi-private toilet facili- 
ties being provided. The deck house has gone from 
3 tiers to 4, and in some cases 5 tiers. 

@ Simple burtoning cargo gear has given way to 
more elaborate power vanging and power topping 
equipment. 

@ Pontoon and wooden hatch covers have been 
replaced by heavier, costly folding hatch covers. 
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COST OF SHIPS 


Many of these items are not being installed on 
the ships of our foreign competitors. And these 
competitors can carry as much freight as fast as we 
can with a ship that costs only 37 per cent as much 
as ours. 


HOW TO REDUCE COSTS 


The Maritime Administrator is concerned that 
perhaps our ships are over-designed. His concern is 
understandable. The following are suggested as part 
of a cure for the high-cost-of-ships problem: 


1. A thorough check should be made into the de- 
sign of replacement vessels looking toward the elim- 
ination of any equipment that will not earn its way. 

This should be done on a crash or all-out basis 
by competent independent designers or shipyard 
technical staffs. “Value Engineering” up to now has 
concerned itself with details, whereas a major over- 
haul of the specifications could conceivably reduce 
ship costs substantially. 

2. Wherever possible contracts should be award- 
ed in multiples of at least five ships. As can be seen 
from Figure 2, this practice reduces the unit cost of 
ships. 

3. The United States Government should elimi- 
nate unnecessary additional subsidies that increase 
the cost of ships to the taxpayers. This item refers 
specifically to contract allocation under Public Law 
805 and the preferential treatment given to West 
Coast shipyards via the 6 per cent differential. 


4. The statutory life of Maritime Administration- 
built vessels should be increased to 25 years. An- 
nual depreciation can be reduced one-fourth and 
the only effect will be higher maintenance costs 
during the last 5 years of the vessel’s life. 

5. The custom-built ship has to go. Where a ship 
is built on a two, three or five-time basis, the cost 
of machinery and equipment is high. The greater 
the duplication the cheaper is the cost. Standardiza- 
tion of design is now practiced abroad and is more 
urgently needed in the U.S.A. 

THE DIFFERENTIAL IN COST 


Foreign ships built to foreign specifications today 
cost considerably less than one-half (the cost) of 
similar ships building in the United States. There is 
little difference comparatively in the international 
costs of basic materials. Steel, for example, sells for 
approximately $140 per ton in the U.S.A. as com- 
pared to $140 in Germany, $151 in Japan, and 
slightly less in the United Kingdom. 


WAGES AND MATERIAL 


Where is the differential? Basically it can be 
found in three places: First—wages. Compared with 
an average hourly direct labor shipyard rate of 
$2.71 per hour in this country, basic hourly rates 
in other maritime nations range down to $0.40 per 
hour in Japan. 

When looking at a Mariner type vessel, with ap- 
proximately a million direct labor hours and an- 


other 500,000 indirect hours, the saving in cost for 
labor alone becomes $3,500,000 if Japan is consid- 
ered as the lowest cost shipbuilding center. The 
differential as set forth above is indicated for ship- 
yard labor only. 

On the over-all foreign material and equipment 
costs have been running at about 70 per cent of the 
cost of that for the same equipment as purchased in 
this country. Hence on a $12,000,000 cargo ship 
built in the U.S.A., where material cost represents 
about 50 per cent of the total cost, ie., $6,000,000, 
the comparable cost in Germany or Japan will be 
in the neighborhood of $4,200,000, or a saving of 
$1,800,000. 


OVERHEAD 


Although the overhead rate in most countries 
abroad is higher than that in shipyards in this coun- 
try, the direct labor base to which it applies is con- 
siderably lower and there is, therefore, a resulting 
saving in overall cost on this item also. 

Taking into consideration the foregoing items of 
material, labor, and overhead, and assuming profit 
percentage to be about the same, foreign vs. US., 
the over-all cost of building cargo ships abroad to- 
day in quantities of three or more is about one-half 
of that in the U.S.A. For single and two-ship con- 
tracts the differential is greater than 50 per cent 
(see Figure 2). In these cases we are talking about 
ships built to “similar plans and specifications” as 
set forth in Section 502(b) of the 1936 Act. 

However, the problem does not stop here. 
American shipbuilders and owners are at a further 
disadvantage. Direct subsidies to the shipyards of 
France, Italy, and Japan by the governments of 
those countries during the post-World War II period 
have been common and rather extensive. Other 
maritime nations enjoy the benefits of indirect sub- 
sidies, which reduce the cost of ships to both the 
builder and operator. Some of the better known 
foreign subsidies applicable to shipbuilding are as 
follows: 

In Italy, the “Tambroni Law” grants a direct pay~ 
ment to the shipyards based on foreign competition. 
The original intent of this law was to make Italian 
shipyards competitive with those in the U.K., con- 
sidered at the time of enactment to be the lowest 
cost shipbuilding nation in the world. 

During the first years of operation under this law 
Italian shipyards averaged around 22 per cent sub- 
sidy on all ships constructed. The amount of finan- 
cial assistance has been reduced 10 per cent annual- 
ly until today, where it stands at about one-half of 
that allowed in 1954. 

Subsidies elsewhere—Briefly, the “Deferre Law,” 
enacted by the French Government to assist French 
shipyards in obtaining work to be built for export, 
has worked in the past on an “as necessary to get 
the work” basis. 

Subsidies depending on the type of ship have 
ranged from 20 to 30 per cent with the new France, 
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COST OF SHIPS 
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which will make her debut shortly, getting about a 
33 per cent assist from the government. 

During most of the post-World War II period 
Japan and Germany have consistently been the low- 
cost shipbuilding centers of the world. In these 
countries where assistance seemed hardly neces- 
sary, government aid in the form of tax reduction 
on ships built for export and other measures of 
assistance have been granted. 

DIFFERENCE IN STANDARDS 

Generally speaking, ships built abroad are not up 
to standards required by the Maritime Administra- 
tion, U.S.C.G. and other regulatory bodies in this 
country. This is particularly true insofar as fire- 
proof construction is concerned. 

The tabulation herewith gives a direct compari- 
son of characteristics and cost of Japanese vessels 
with Moore-McCormack’s C3-S-33(a) cargo ship 
replacement program’s prototype. 

The question is raised—how is it possible to build 
a ship like this, bigger and equally as fast as the 
American ship for only 36.8 per cent of the Ameri- 
can price? The answer was partially explained 
earlier. 


Comparison of Moore-McCormack and 
Yamashita Ships 


Moore-Mac Yamashita Lines 
cap C3-S-33a Yamawaka Maru 
ae Sun S.B. & D.D. Co. Hitachi 
Length, over-all .... 484’-214” 513’-6” 
Length, B-P 458-0” 475'-9” 
Beam, molded ...... 68’-0” 64’-4” 
Design draft ........ 28’-6” 30’-5” 
Speed (sust.) ....... 18 Knots 18 Knots 
Deadweight ........ 10,460 L.T. 12,157 L.T. 
Bale cubic .......... 594,822 602,457 
Ton/mile factor .... 1010 1174 
Bale/mile factor .... 575 581 
Adjusted price bid .. $9,903,120 _— 

Fixed price bids .... $11,388,588 $3,900,000 


A large part of the cost differential lies in the 
difference in standards between the two vessels. In 
addition to the wood in lieu of marinite construc- 
tion, the Yamawaka Maru is decidely deficient in 
the officers’ and crew’s quarters as compared to the 
new American ships. As many as four crew mem- 
bers are crowded into small rooms. Quarters are not 
air-conditioned as in the Moore-McCormack ships. 
A single lavatory is provided in each crew member’s 
room and single public toilet and shower is pro- 
vided on each deck. Insulation and lining are kept 
to a minimum. Piping and wiring are largely ex- 
vosed and, also, kept to a minimum. The galley con- 
tains a fraction of the equipment required on 
America-flag vessels. 

The cost of bringing this ship up to American flag 
standards is estimated at $1,250,000. Yet it must be 
remembered that the vessel is competitive with the 
Moore-McCormack ships, and other ships being 
constructed under the Maritime Administration’s 
490 
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shiv replacement program. 
With equal profit factors the differential between 
foreign and American ship construction costs will 
be the least in the case of tankers and the greatest 
in the case of passenger ships and passenger ship 
conversions. One basic reason for this lies in the 
cost of procurement, fabrication, and erection of 
steel. From the standpoint of material there is little 
or no differential on steel; in fact, in recent years 
the differential in steel cost foreign vs. U.S.A. was 
a negative one. Steel in a supertanker comprises 
about 75 per cent of the total weight of the ship, 
whereas on a passenger ship it will be approximate- 
ly 50 per cent and even less for a conversion. 

A second factor involving the fabrication and 
erection of steel which makes for a low differential 
on tankers and a high differential on passenger 
ships stems from man hours involved to build the 
hull. 


Man-Hours Involved in Building Various 
Vessel Types 
Cargo Pass- 
Tanker Shiv enger 


Hull, man-hours- ......... 45 70 95 
Outfitting, man-hours ..... 215 255 425 
Machinery, man-hours .... 240 270 265 
Total, man-hours-ton ..... 90 140 235 


The best way to conclude this paper is to remind 
us of the avowed position of the United States Gov- 
ernment with regard to its merchant marine as set 
forth in the preamble and Section 101 of the Mer- 
chant Marine Act of 1936. This states, 

“It is necessary for the national defense and 
development of its foreign and domestic com- 
merce that the United States shall have a mer- 
chant marine (a) sufficient to carry its domestic 
water-borne commerce and a substantial portion 
of the water-borne export and import foreign 
commerce of the United States and to provide 
shipping service on all routes essential for main- 
taining the flow of such domestic and foreign 
water-borne commerce at all times, (b) capable 
of serving as a naval and military auxiliary in 
time of war or national emergency, (c) owned 
and operated under the United States flag by 
citizens of the United States insofar as may be 
practicable, and (d) composed of the best- 
equipped, safest, and most suitable types of ves- 
sels, constructed in the United States and manned 
with a trained and efficient citizen personnel. It 
is hereby declared to be the policy of the United 
States to foster the development and encourage 
the maintenance of such a merchant marine.” 
The rising cost of ships, the growing intensity of 

international competition, and the widening spread 
between THE COST OF SHIPS U.S.A. VERSUS 
FOREIGN makes it mandatory for all of us in this 
business to do everything necessary to prevent the 
American-flag ship in world trade from being re- 
moved from the seas. 
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A TECHNIQUE FOR DIGITAL TO 
GRAPHIC-ANALOG DATA TRANSFORMATION 
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JOURNAL OF THE AMERICAN Society or Navat Encrneers. His first, “Manage- 
ment Application of Electronic Computers,” was published in the May 1959 
issue of the JOURNAL. 


| er when the results of data processed 
on a digital computer are to be reviewed, the nor- 
mal, tabular print-out of the reduced data proves 
to be unsatisfactory in format. In particular, this 
type of presentation has proven unacceptable when 
it is intended that management or non-technical 
personnel will use the information contained there- 
in as a basis for decision. 

It is the object of this paper to propose a tech- 
nique whereby long tabulations of results generated 
by certain computer applications may be accom- 
panied by a directly printed graph of the relation- 
ship between the parameters involved. The result is 
an output document easily used by those who 
would normally be disinclined to pore over long 
columns of figures. This end is achieved through 
the application of standard digital computer equip- 
ment, does not require “special devices,” and is 
ideally suited for use with on-line printers normal- 
ly associated with the main frames of digital com- 
puter systems. If an on-line printer is not available, 
punched card or magnetic tape equipment and an 


off-line printer accepting either of the above as 
input can be used instead. While the method works 
best in those cases where the increments between 
assumed values of the independent variable are uni- 
form, it is not necessarily restricted to such appli- 
cations. Since the technique involved is founded on 
the manner in which the desired result is ap- 
proached, and not upon the particular manufacture 
of the computer utilized, every attempt has been 
made to make the terms used herein as general as 
possible. Detailed programming steps are not used. 
Instead, every attempt is made to enable the read- 
er to follow the logic of the approach, rather than 
the details of the programming required. 
Suppose the computer is to be used to compute 

the value of the function, f(x) =y, in the equations: 

f, (x) =5x?+3x+8 

f, (x) =5x?+8x?+12x+9 

(x) =18x*+9x'+5x+11 

Etc. 


Where the independent variable, x, is to assume 
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TRANSFORMATION-DIGITAL TO GRAPHIC-ANALOG 


NELSON 


successive values of 0, 1, 2, 3, 

viously, the machine can be set up to perform the 
indicated operations and print out the results in 
the familiar tabular form: 


Using equation (1) for purposes of illustration. 
Suppose, however, that it is desirable, for the 
purpose for which these results are to be used, to 
plot a graph of the implied relationship between x 
and y. Two possibilities come to mind immediately: 
1.) A graph of the relation could be drawn man- 
ually, using the tabular results given above. 


2.) Successive values of x, and the resultant, 
corresponding, values of f(x), can be punched into 
cards forming an input to a digital to analog type 
plotting machine. 

If a large number of values of x are to be used, or 
if many equations are involved, the former may be 
considered quite time consuming and tedious, while 
the latter, in addition to being time consuming, re- 
quires special, additional equipment. If a plotting 
accuracy in the neighborhood of one percent of the 
maximum value anticipated for the dependent va- 
riable is acceptable, a third alternative, much faster 
and cheaper than the above two, is available. It is 
this third alternative which forms the subject of 
this paper. 

An examination of the technique involved in this 
third scheme will be made, using a simple example 
for clarity of explanation. Equation (1) should 
serve as a satisfactory example for illustrative pur- 
poses. It will be seen, eventually, that the complexi- 
ty of the relationship of interest is no deterrent to 
the application of the technique. Neither does it 
need to be a strictly algebraic one such as is being 
used for illustration. For ease of explanation, the 
following conditions and restrictions will be ap- 
plied in the discussion of the technique; as the dis- 
cussion progresses, it will be seen that most of the 
problems that might arise from these restrictions 
can be circumvented. 

1.) Sufficient storage locations must be avail- 
able in which to store, at one time, all of the 
values of the computed function. If the differ- 
ence between successive values of the indepen- 
dent variable (Ax=xy,,—xx) is not constant, 
then there must be space available in which to 
store successive values of the independent var- 
iable. These must be arranged so that, if M 
equals the location of a value of the function 
f(x) when x equals K, the value of the inde- 
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pendent variable, xx, will be found M—B storage 
locations away, where B is a constant. It is con- 
venient to arrange to have the locations where 
the computed values of the functions are to be 
stored ordered to permit a table-look-up type of 
operation to be performed on these values. In a 
computer such as the IBM 650, this means these 
values must be stored in successive locations of 
a band on the drum. The storage layout limita- 
tions that such a restriction imposes can be cir- 
cumvented through alleviating the restriction 
with the application of an algorithm whose re- 
sultant will be functionally the same as a table- 
look-up. The tabular area in which the computed 
values of the function are to be stored will be 
referred to as T,. Corresponding values of the 
independent variable will be stored in tabular 
area T,. The relation between T, and T, is such 
that any location in T, is B locations away from 
a location in T, in which the corresponding value 
of the independent variable is stored. 

2.) Up to 100 locations must be available for 
the storage of a percentage table, T,. These loca- 
tions must be in tabular array, and the functions 
of the table must be in ascending order, as table- 
look-up operations will be performed on T,. 

3.) Ten locations must be available for a 
“point-positioner” table, T,. Table-look-up opera- 
tions will not be performed on T,. 

4.) Location assignments are necessary for the 
program instructions. 200 should be adequate. 
For purposes of illustration, a drum type com- 

puter will be assumed, and the following location 
allocations made: 


Contents Assigned Locations 


1800 through 1847 
1850 through 1897 
1900 through 1951 
1990 through 1999 
1600 through 1800 
Print Storage 1613 through 1622 
The space allocations made here do not need to re- 
strict the storage space available for the major 
problem solving or data processing program. If 
space is a critical commodity, this program may be 
used as a separate entity rather than as a sub- 
routine. In the former case, the results of the major 
program can be stored in punched cards or tape 
and subsequently introduced to this graphing pro- 
gram. 
It should be noted that while storage locations 
suitable for a table-look-up operation must be as- 
signed for the storage of values of f(x), these 
values do not have to appear in the normally re- 
quired, ascending, order within the table. However, 
ascending values of x must be used for successive 
calculations of f(x). In any case, T, must neces- 
sarily be in ascending order, although table-look-up 
operations will not be performed on it, but upon 
T,. The reason for this apparent anomally should 
become evident shortly. 
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TRANSFORMATION-DIGITAL TO GRAPHIC-ANALOG 


At this point, it will be worthwhile to examine 
the exact nature of the desired end result. In a 
graphical presentation of some physical phenome- 
non, the values of a function are represented by 
means of their physical location on a sheet of paper. 
Thus the only problem normally encountered in 
plotting any graph is the selection of a scale such 
that physical measurement along an axis of the 
paper corresponds to some numeric quantity, the 
conversion between the two being the scale factor. 
If a graph is to be produced by a mechanical print- 
er, the increment along the paper between succes- 
sive points on the vertical axis must be controlled 
by the angular rotation of the platten roller, while 
the location of the point along the horizontal axis 
must be controlled by the location of the type bar, 
or wheel, actuated by the print order. In the exam- 
ple being pursued here, the Ax are uniform so each 
increment of the independent variable will corre- 
spond to one “space” order, or discrete angular ro- 
tation of the platten, between print orders, thereby 
fixing the location of the point along one axis of the 
paper. i.e. Each space order represents a unit in- 
crement to the independent variable. It remains 
only to determine the position of the point along 
the horizontal axis of the paper. 

The point-print-out will come from storage loca- 
tions 1613 through 1622, enabling the printing of 
100 digits from storage simultaneously. (Each word 
assumed to have the capacity to store ten digits.) 
Now, if among these 100 digits 99 are zero, and 


I—(For the 


TasLe T,—(Locations 1948, 1949 unused) 


Location Contents 


Location Contents 


example of equation 1) 


one of them is non-zero, and if the printer is re- 
strained from printing zeros, then only the non- 
zero digit will appear on the paper following the 
print order. : 

This digit represents the desired point, and to 
place it on the paper so that it corresponds to some 
scale, it is only necessary that the non-zero digit 
come from the proper position among the digits in 
storage. If the format control panel for the printer 
is wired so that digit 1 from storage, actuates type- 
wheel 1, digit 2 typewheel 2,.... digit 44 (of 
the 100 available from the print-storage area) type- 
wheel 44, etc., then the position of the non-zero 
digit in storage determines the point location along 
the horizontal axis of the paper. 

In the example being used here, fifty such loca- 
tions, of 100 available for printing from storage, are 
required for point storage. The balance of the print 
storage can be used for such things as the exact, 
numerical, value of the point, etc. for printing along 
the margin of the graph. Future reference to the 
print area will be symbolic in form, as A(Pl) de- 
notes the address of the first ten-digit word in the 
print storage area. i.e. Assigned location 1613. 

If the non-zero digit being used to represent the 
point is located in the next to high order of Pl, it 
will print from typewheel two, and represent two 
percent of the maximum value of the dependent 
variable. The low order digit of P5, representing 
100 percent of the maximum possible value of the 
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dependent variable, would print a non-zero digit 
(point) via typewheel fifty-one. For any case, the 
zero percent value falls along the left hand margin 
of the paper, while the 100 percent value falls F 
inches to the right of the left hand margin. For 
most standard printers, each digit in storage would 
correspond to 0.1 inch along the paper (the width 
of a typewheel), so, in this example F' equals five 
inches. It has been decided that each 0.1 inch along 
the paper will represent a two percent increment 
of the dependent variable, and the scale factor has 
thereby been defined. It remains now to determine 
where and how this non-zero digit must be located 
in PI1—P5. In order to do this, the contents of 
tables T, and T, must be examined. 


Table T, was referred to as a percentage table, 
and that is as accurate a definition as simple de- 
scription will permit. Each location (L) within this 
table is ten decimal digits in length; it is assumed 
that each address, anywhere in the general storage 
area, can be uniquely specified by four digits. Thus 
9876543210 might be the contents of location 0522 
(L.(0522)). In T,, the three high order digits of 
each word in the table denote a percentage. For 
example, 016 in the high order position of L (1908) 
corresponds to sixteen percent. The three middle 
positions are a portion of another address, A(1,), 
while the four low order positions specify another 
address, A(P,). To summarize the significance of 
the digits of a particular location in T,: 


916-998-1613 
Per-cerit “A (P,.) 


A(1,) 


It has been assumed that a two percent plotting 
accuracy is satisfactory for plotting example 1, and 
fifty locations, 1900 through 1951 will be required 
for the percentage table. The latter implies a two 
percent increment between table locations. A por- 
tion of T, is delineated in Table I. Locations 1948 
and 1949 have been left vacant on the basis of a 
table layout for the I.B.M. 650. 


The significance of the A(1,) and A(P,) in T, will 
become evident shortly. Reference to T, will dis- 
close its modest appearance. T, and T, contain the 
various values of the dependent and independent 
variables, respectively, for the example equation 1. 
Of course, T, is superfluous in this example, since 
Ax always equals one. In T, the location after that 
containing the computed value of the function for 
the last independent variable assumed is filled with 
nines. 

At this point, all of the tables, etc. necessary for 
plotting the point, have been defined. Before pro- 
ceding to this, however, it is necessary to perform 
some additional operations upon the data to be 
plotted. It is probably apparent that each value of 
the dependent variable must be normalized. (Con- 
trary to standard procedure, the dependent variable 
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0 20% 40% 60% 80% 100% 
Y VALUES IN PER-CENT OF Y MAXIMUM (G) 
0 420 840 1260 1680 2100 
ACTUAL Y VALUES PLOTTED 
PRINTER-PLOTTED GRAPH OF EXAMPLE 1. 


Figure 1. 


will be plotted along the horizontal axis of the 
paper.) In order to normalize these quantities, it 
will be necessary to determine the maximum value 
of Y which will be encountered. To do this, a con- 
venient dodge is available, and it was for this rea- 
son that T, was arranged in tabular fashion. 


An arbitrary number, of magnitude reasonably 
close to the values of f(x) we expect to encounter, 
must be selected. For the example, assume 00-0000- 
0050 is selected. Using this number as the argu- 
ment, a table-look-up is begun, starting in L(1850). 
If a function location other than that in which nines 
have been stored (L(1871) in the example) is re- 
turned, 00-0000-0050 is added to the argument pre- 
viously used, and another table-look-up is per- 
formed. This sequence of events continues until, 
eventually, the location in which the nines have 
been stored is returned as the function location, in- 
dicating that the last argument used was larger 
than any value of the dependent variable. Call the 
value of the argument which produces this condi- 
tion “G.” For the example, G equals 00-0000-2100. 

Either individually or batch fashion, the f(x) are 
then normalized. If the normalized values are con- 
verted to percentages and denoted by primes, then: 


100 percent=0 percent 


f,’(x,) = X100 percent=1 percent 


Etc. 


After rounding off to the nearest whole percent. 
In this example, of course, the maximum value, 
f(x) max would correspond to the maximum x as- 
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sumed, and G could have been determined without 
resort to the table-look-up scheme. Such is not the 
case with most practical problems, however, as the 
location of the maximum f(x) may be uncertain, 
while the routine outlined above is applicable to 
problems where the maximum value of the com- 
puted function is unknown or cannot be easily lo- 
cated. Negative values can also be handled through 
the expedient of establishing separate tables for 
positive and negative values of the dependent vari- 
able. The G used for normalizing would then be 
equal to the sum of the magnitudes of a Gnhegative 
for the negative table, and a Gpositive for the table 
of positive values. 

f,(x,) is then placed in the three high order po- 
sitions of a temporary storage location (as 016-000- 
0000 in L (0523)) from which it is subsequently 
used as the argument to enter table T, in a table- 
look-up-operation. If the function locations of the 
f’,(xn) are denoted by L(T(f’,(xn))), then: 


L(T(£,’(x») ) ) =1900 
L(T(£,’(x,))) =1901 
L(T(£,’ (x2) )) =1901 
Etc. 


f, (x) IN 


When the contents of these table locations are ex- 
amined: 


(4) C(1900) =000-990-1613=C (L(T(f,’(x,)))) 
(5) C(1901) =002-991-1613=C (L(T(£,’(x,)))) 


It will be noticed that various A(1,) and A(P,) be- 
come available. After shifting, and with the addi- 
tion of a constant, (4) and (5) become: 
(6) 00-1990-1613 (7) 00-1991-1613 

Etc. 


Thus, A(1,) becomes A’(1,), a recognizable loca- 
tion in T,, and A(P,) specifies L(P1) of the print 
area. A few additional program steps, using skele- 
ton instructions expanded by the digits in (6) and 
(7), provide for storing the contents of 1990 in lo- 
cation 1613 for the f,(x,) point. When this has 
been done, the point, f, (x.), will have been located, 
within two percent of the f,(x) max, correctly, with- 
in the print storage area, for plotting. The reason 
why this is so should be clear at this point; if not, 
a careful review of the major steps leading to this 
conclusion will clarify the situation. Doubting 
Thomases not willing to re-read these portions may 
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650 WORKLOAD FORECAST 7 SEPT 1959 


! | 


DATE (MONTH/DAY) 


419 538 
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658 


REQUIRED MANPOWER MEN PER DAY PER WEEK 


90% 


110% 


I's DELINEATE NAMED PERCENTAGES OF AVAILABLE PRODUCTIVE CAPACITY 


Figure 3 


satisfy themselves that this is so with the use of a 
slide rule, a sheet of paper, a ruler, and tables T, 
and T,. (T, is readily expanded beyond the begin- 
ning given here by noting the sequence established, 
with A(1,) repeating and A(P,) increasing by one 
after every ten entries. T, is complete as is.) It is 
necessary that the print storage area be zeroed after 
each print cycle, since it will not always be certain 
that a second point from T, will be stored in the 
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same print word as the previously plotted point. 
This is virtually the only housekeeping required 
between plotting successive points. 

Since L(P1—P5) of the available L(P1—P10) 
are required, in this example, for the point, the 
value of the independent variable, x, used and the 
resulting, exact, value of f(x) may be stored in 
L(P6) and L(P7). In this way more specific in- 
formation concerning the point will be available if 
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desired. Figure 1 shows a graph of example 1, 
which has been obtained by the technique outlined 
here. After printing the last point, G has been mul- 
tiplied by 0.2, 0.4, 0.6, 0.8, and 1.0, placed in the 
proper regions of the print area, and used to mark 
the horizontal (dependent variable) axis. Figure 2 
illustrates, in block diagram form, the major ele- 
ments involved in the graphing’ routine. 

Further refinements are possible, of course. For 
example, vertical bars marking the 20, 40, 60, and 
80 percent values may be inserted with the emis- 
sion of I’s from the printer between point-print 
cycles. The 2’s can be converted to alphabetic char- 
acters by forcing the printer to emit the proper 
numeric symbols in the region of output covered by 
the graph. These symbols are triggered by the nu- 
meric digit in storage, and are readily introduced 
through appropriate control panel wiring. Also, 
more than one curve can be printed on the same 
sheet at the same time through the use of addition- 
al T, tables. When both points are to come from 
the same print-word, they are added together prior 
to being stored in the word. Thus, storing the sec- 
ond point does not cause the automatic eradication 
of the first. 

The author has used this technique to prepare a 
graphical analysis of the voluminous, computer 
produced, shop workload forecast in use at the 
Norfolk Naval Shipyard. In this application, the Ax 
correspond to At’s, where At represents a one week 
time increment between predicted values of the 
manpower requirements. An illustrative such graph 
is shown in figure 3. Here, two curves have been 
plotted on the same paper, one representing the 
shipwork manpower requirements, the other the 
shipwork plus other productive work manpower 
requirements. These are denoted by S and T points, 
respectively; the lines connecting the points are 
drawn in manually after the machine preparation of 
the points to be connected. It will be noted that, 
for the workload graphs, the percentage tables used 
spanned a range of from thirty to 150 percent of the 
shipyard’s available manpower capacity, which is 
quite a sufficient range to cover the varying and 
contemporaneous workload prediction. The same 
technique has been used to prepare manning curves 


A report to the Navy which calls basic research "the life-blood of the 


for various ships from the summary of individual 
items of work for the jobs to be undertaken. In the 
case of the workload graphs, the table-look-up 


dodge is not required. In that case, G is equal to the 


manpower available; thus, due to the varying work- 
load, the need to extend the percentage table to 150 
percent. 

The question of accuracy bears additional com- 
ment. Suppose in example 1 major interest had 
been centered about that portion of the curve lying 
between zero and twenty-five percent of f(x) max- In 
that case, Table T, would have spanned the range 
of from zero to twenty-five percent in 0.5 percent 
increments, allowing a plotting accuracy of 0.5 per- 
cent. It should be readily apparent that require- 
ments of greater range or greater plotting accuracy 
are readily handled. If necessary, the graph could 
be broken into several parts, each part covering a 
portion of the range of interest, and each permit- 
ting a high degree of plotting accuracy. Most printer 
manufacturers will even prepare a special set of 
typewheels for such applications, permitting one 0.1 
inch wide wheel to plot four separate points, each 
point within 0.025 inch of the other. 

As mentioned previously, the axis of the inde- 
pendent variable is somewhat restricted by virtue 
of the manner in which it is generated; i.e. by suc- 
cessive, discrete, angular rotations of the platten 
roller. If Ax is not constant, but the variation be- 
tween successive Ax values is not too great, and 
can be expressed in whole units with sufficient ac- 
curacy, then (xy,:—xy) can be used as the number 
of discrete angular movements required of the plat- 
ten between successive points. i.e. The number of 
“dry” print orders between point printings. 

This technique was actually developed for the 
specific purpose of graphically displaying the re- 
sults of a lengthy data processing application, 
rather than a strictly mathematical one such as that 
used for illustration herein. With the application of 
a little imagination, it will be seen that the basic 
concept outlined here can be readily extended to 
handle a multitude of data presentation problems, 
when the most desirable format is a graphical one. 
Even logarithmic (or at least semi-logarithmic) 
plots may be obtained if desired. 


entire system of technological innovation" and advises the Navy to do 
more of it has just been made available to the public through the Office 
of Technical Services, U.S. Department of Commerce. 

The report, PB 151925 Basic Research in the Navy, Arthur D. Little, 
Inc. under contract to Office of Naval Research, June 1959, may be 
ordered from OTS, U.S. Department of Commerce, Washington 25. 


—from WELDING JOURNAL 


March, 1960 
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Navy’s Experimental Skimmer Speeds Through Water Official U. S. Navy Photograph 


An experimental hydroskimmer, called the “Hydrostreak” by its manufacturer, skims over the surface of the water on a 
cushion of air. A fan in the center of the skimmer forces the air into a chamber underneath the ship. Two skegs, one on 
either side of the hull, and a “water wall” at each end of the boat trap air to form the cushion. An eighty horsepower 
motor drives the fan. Two other eighty horsepower engines propel the craft’s twin screws. Built for the Navy’s Bureau of 
Ships by the Hughes Tool Company, it is 21 feet long and about 11 feet wide. It weighs approximately two tons when 
empty. Only the skegs and screws touch the water when the fan is operating. The rest of the boat cruises about two feet 
above the water. 


First Military Hydrofoil Ship Design Official U. S. Navy Photograph 


This is the design for the Navy’s first military hydrofoil ship. The hydrofoil ship, a high-speed patrol craft, is designed 
to detect and destroy modern submarines, which can outrun and outlast many conventional surface ships. Equipped with 
homing torpedoes and long-range submarine detection equipment, the 115-foot long 110-ton hydrofoil craft will have re- 
tractable, fully submerged hydrofoils and will be powered by two 3000 horsepower gas turbines during foil-borne opera- 
tions. She will carry an auxiliary diesel propulsion system for normal afloat operations. Her hull will be aluminum. The 
hydrofoil craft will carry a crew of one officer and twelve enlisted men. 
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ae MAN made a basic discovery about 


friction: while trying to get large stones away 
from the door of his cave, he found that rolling the 
stone was easier than sliding it. Observations such 
as these led to the invention of the wheel. 

The use of the wheel, and other rolling objects, 
resulted in more discoveries. Wheels seemed to roll 
easier on hard surface than on soft ones. Further- 
more, grease helped prevent wear when the wheel 
turned (slid) on the axle, and made the wheel 
easier to turn. 

The scientific method was applied to the axle 
problem first. Leonardo daVinci (circa 1500) and 
Amontons (1699) described the laws of sliding 
friction. They were verified by Coulomb (1781), 
who also described static friction. The study of slid- 
ing friction has progressed steadily to the present 
time. 

The axle problem was eliminated by the inven- 
tion of the ball bearing in 1772 by C. Varlo, Esq. 
He wrote that his post chaise carried him, two 
ladies and all their luggage on a 700-mile trip, in 
Great Britain, with very little wear of the bearing. 
The post chaise, which he describes as an excep- 
tionally heavy one, was pulled by only two horses; 
both the friction and wear of the ball bearings were 
less than with sliding bearings. 

One hundred and three years later, Osborn Rey- 
nolds reported what was apparently the first at- 
tempt at a detailed study of rolling friction. He 
found that when a metal cylinder rolled on rubber 


it moved forward a distance that was less than its 
circumference for each revolution. Reynolds ex- 
plained this by assuming that the cylinder slipped 
on the rubber. The resistance to rolling was 
ascribed to the force necessary to cause this sliding. 
There the science rested for the next eighty years. 

The study of rolling friction was initiated again 
in 1955 by David Tabor at Cambridge. Tabor and 
his collaborators repeated the experiments of Rey- 
nolds and showed that the friction was not due 
to slipping of the cylinder. Lubricated rubber and 
unlubricated rubber gave the same resistance to 
rolling. In addition they found that rolling friction 
was lower when the experiments were done 
on resilient (snappy) rubber than when less resili- 
ent (dead) rubber was used. They ascribed the 
friction to deformation losses (hysteresis) in the 
samples. Tabor and his collaborators extended their 
experiments to include wood, in addition to rubber, 
and showed that their explanation seemed valid, 
even for lubricated sliding. 


We recognized that Tabor’s work opened up a 
new research opportunity. If his preliminary results 
and explanation were correct, we were confident 
that the frictional behavior of a wide variety of 
materials could be related to their mechanical prop- 
erties. If this could be accomplished, we would be 
able to predict the behavior of materials in bearings 
from simple property measurements, without ac- 
tually making bearings and trying them. Then, as 
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ROLLING FRICTION 


F, < F, 


Figure 1. 


we learned more about the molecular and atomic 
bases for the properties, we could possibly make 
materials specifically for their desired frictional 
characteristics. 

Let us consider a very hard sphere rolling on a 
soft material such as rubber (Figure 1). As the 
sphere rolls to the right, in the diagram, it must 
press the rubber down in front of it; the rubber 
behind it will spring back. If the rubber were 
perfectly elastic. It would exert the same force 
on the ball during the springing-back process as 
it did while being pushed down. Since these forces 
would be symmetrical, as well as equal, no addi- 
tional torque would be necessary to keep the ball 
rolling. 

Another way to look at the process is to consider 
the energy used for rolling the ball. If the rubber 
were perfectly elastic, all the energy used in de- 
pressing the rubber as the ball rolls along would 
be returned to the ball as the rubber snapped back; 
the energy loss, and the coefficient of rolling fric- 
tion, would be zero. 

Real materials are not perfectly elastic, however. 
Rubber, plastics, metals, wood, etc. are all anelas- 
tic to a degree that depends on the speed and extent 
of the deformation and on the temperature of the 
sample. As a consequence of this fact, a vibrating 
rod made from these materials would soon have 
its vibrations damped out; this damping is greatest 
under the conditions where the sample is the most 
anelastic. 

If we define E as the vibrational energy of a 
virbrating rod, and if we let AE correspond to the 
energy loss during one complete vibration, we can 


AE 
define a quantity (for small ®? 


1 AE 
This method of describing mechanical losses is 
analogous to that used in electrical measurements 
for describing electrical losses. 
The mechanical losses of a number of materials 
have been measured as a function of frequency of 
vibration. Figure 2 shows the type of behavior often 
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Figure 2. 


observed. It can be seen that as tan § becomes a 
maximum the modulus changes, i.e., the material 
appears to become more rigid. 

When the frequency is held constant while the 
temperature varies, another type of behavior is 
often noted. The data for polymethylmethacrylate 
are shown in Figure 3. The 8 peak arises from the 
motion of part of the polymer molecule; the a peak 
occurs at the bulk softening temperature for the 
polymer. As would be expected, the temperatures 
at which the peaks are found depend on the fre- 
quency. 


Te 


Figure 3. 


These variations of tan § and modulus with fre- 
quency and temperature have been related to mo- 
lecular structure in several cases. In elastomers, 
the general results can be predicted theoretically 
in terms of molecular weight, cross-linking and 
glass temperature; in metals, such measurements 
have been used as tools to investigate the motion 
of atoms; in plastics we are beginning to identify 
the resultant peaks with motions of specific groups 
in the polymer molecule. An explanation of friction 
in terms of modulus and tan §, therefore, leads to 
an understanding of the phenomenon on a mole- 
cular-atomic basis. 
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F,=F, 
Figure 4, 


Recently we set out to calculate the friction for 
a rigid sphere rolling on an anelastic material. The 
calculation consists of finding the pressures exerted 
on a rolling sphere over the region of contract with 
the base material and equating the sum of the 
moments to that necessary to keep the sphere 
rolling. The type of behavior found is sketched in 
Figure 4. When the sphere is rolling fast enough, 
the forces exerted on it on the right side are larger 
than those on the left (the anelastic material does 
not snap back fast enough). An extreme example 
of this behavior would occur when the back side 
of the sphere has no contact at all with the base 
material. In addition, the modulus increases with 
the rate of deforming the base material (Figure 2), 
therefore the sphere sinks into the material less 
as it rolls faster. The combination of these two 
effects leads to the prediction that a plot of rolling 
friction vs. speed will very closely resemble the 
curve for tan 8 vs. frequency of Figure 2. 

The results of our theory lead us to expect that 
the coefficient of rolling friction, \, will be a linear 
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Figure 5. 


function of tan § near the region of the maximum 
in tan 8. Rolling friction measurements on several 
elastomers at a variety of temperatures are com- 
pared with values of tan § in Figure 5. 

Preliminary results for plastic and metals in- 
dicate that the coefficient of rolling friction behaves 
in a similar manner for these materials. 

That the same concepts can be applied to lubri- 
cated sliding friction has been demonstrated for 
several materials. 

The study of rolling friction, then, has resulted 
recently in several advances, and more can be anti- 
cipated. Not only are we demonstrating that fric- 
tional characteristics can be predicted from 
mechanical properties, and thus from the structure 
of materials, but that the same considerations lead 
us to a better understanding of lubricated sliding 
friction. In addition, the possibility of using rolling 
friction to determine mechanical properties over a 
wide variety of experimental conditions looks 
promising. 


The Navy has announced that BULLPUP air-to-surface missiles have 
been successfully launched from helicopters, a new concept that could 
provide Marine assault troops with additional offensive and defensive 
firepower. 

The missile-helicopter combination has been undergoing tests at the 
Naval Air Test Center, Patuxent River, Maryland, using a Marine Corps 
Sikorsky HUS-! helicopter. 

The BULLPUP, being produced for the Navy and Air Force at The 
Martin Company's guided missiles and electronics facility in Orlando, 
Florida, is a radio-controlled missile. It had previously been fired only 
from such fast planes as the Navy's Douglas A4D and the North Ameri- 
can FJ-4B. It is effective against such ground targets as tanks, pillboxes, 
airfield installations and bridges. ‘ 

Once BULLPUP is launched, the pilot guides it to the target by a 
switch on his control stick. The missile can be steered up, down, or to 


either side during its flight. Flares in the aft section help the pilot keep 


the missile clearly in sight as it streaks toward the target. 
—from U.S. NAVY NEWS RELEASE 
June 16, 1960 
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Courtesy Bethlehem Steel Company 


Union Iron Works, acquired by Bethlehem in 1905 and now Bethlehem’s San Francisco Yard, constructed the USS 
Grampus (above) and the USS Pike. Launched in July, 1902, the Grampus, A-3, was one of six-sister craft developed 
by J. P. Holland for the U.S. Navy. She had an overall length of 63’ 4”, beam of 11’ 9”, and displacement of 106 tons 
on the surface and 121 tons submerged. Her normal complement was two men. Gasoline engines gave her a surface speed 
of 8.47 knots. 


Courtesy Bethlehem Steel Company 


The submarine, USS Tarantula, was one of four sister-craft delivered between October 1907 and May 1908 by the 
Fore River Shipbuilding Company, acquired by Bethlehem in 1913. Delivered in November 1907, th Tarantula had an 
ovrall length of 82’5”, beam of 12’ 4”, draft of 12’ 4”, and surface displacement of 170 tons. A single screw craft, she 
had Nelseco 4 cycle, 6 cylinder engines dveloping 250 B.H.P. 
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THE APPLICATION OF BOILING 
WATER REACTORS TO SHIP PROPULSION 


THE AUTHOR 


graduated from the Coast Guard Academy in New London, Connecticut, 
class of 1953. After three years on ocean weather patrols and one year on 
LORAN station, Wake Island, he entered the three year graduate program 
in Naval Architecture and Marine Engineering at Massachusetts Institute of 
Technology, specializing in the nuclear branch. He completed his studies 


in June, 1960. 


a IS THE purpose of this paper to examine the 
boiling water type nuclear reactor and to consider 
its merit as a power plant for future nuclear ships. 
A large group of ships is purposely excluded from 
this study. At the present time, the advantage of 
any type reactor in surface warships is not conclu- 
sive; therefore, economic or other consideration of a 
specific design would be premature. 

Prior to choosing one particular type ship and 
examining one particular design boiling water re- 
actor for it, a cursory look at nuclear reactor de- 
velopment in general and the status of boiling 
water reactors in particular is in order. 

The current status of the reactor program may 
well be described as one of evaluation, expansion, 
and transition. The entire lifetime of the field cov- 
ers only a few years. A report written in 1957 may 
be out-dated or a hypothesis made in early 1958 
may now be untenable. Consequently, it is neces- 
sary to be especially date conscious and to accept 
the most recent data as being the best data. For 
boiling water reactors this means heavy reliance on 
reports from the Argonne National Laboratory on 
its Experimental Boiling Water Reactor (EBWR) 
and on its Borax IV Reactor, on General Electric’s 
Vallecitos Boiling Water Reactor (VBWR) (see 
Table I), and on papers presented at the Second 


United Nations International Conference on the 
Peaceful Uses of Atomic Energy.':”** Then too, the 
tremendous expense necessary even for feasibility 
studies combines with the tender age of the devel- 
opment to make any absolute evaluation not only 
meaningless, but unfair. For this paper or any of 
its kind, the reader should keep close at hand a 
quantity of prefixes such as, “At the present time 
...,;” “In comparison with the few types thus far 
developed ...,” and “In the immediate future it 
appears ....” 


Light water moderated and cooled reactors have 
received a majority of the effort and capital ex- 
pended in this country. Consequently, at the pres- 
ent time they have a distinct advantage over other 
types. 


Boiling water reactors cover an entire field of 
reactor cycles. This fact gives them, as a group, tre- 
mendous adaptability. Four cycles which appear to 
have the most merit, along with existing examples, 
are listed below. 


a). Natural Circulation Direct Cycle is fundamentally the 
most elementary of all cycles. It is simply the reactor 
itself in series, with the turbine power plant. Borax 
IV, EBWR 
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TABLE 


Reactor 
Pressure Fuel 
i Material 


Operator 


BORAX I 130 Al+-U-235 Argonne 

| BORAX II 300 Al+U-235 Idaho Argonne USAEC 
BORAX II 300 Al1+U235 Idaho Argonne USAEC 
| BORAX IV 300 Tho.++U-235 Idaho Argonne USAEC 
| SPERT I 0 Al-++-U-235 Phillips Petroleum USAEC 


EBWR 600 U-Zr-Nb 


(1.44% enriched) 


Argonne 


GE-BWR 1000 


Stainless Steel 
-+-U-235 


San Francisco General General 
Electric Electric 
and 
Pacific Gas 
and Electric 


b). Forced Circulation Cycle has coolant pumps added 
into the circuit with (a). 

c.) Indirect Cycle adds a heat exchanger to (a) or (b) 
and a separate primary and secondary cycle are thus 
established. 

d). Dual Cycle operates as in (a) or (b) but has an add- 
ed cycle that taps hot water from the reactor to a 
flash tank which injects steam into an intermediate 
stage of the turbine. Dresden BWR 


The last boiling water reactor power plant to go 
critical is General Electric’s VBWR.”* It is unique 
in that it can be operated in any of four cycles 
listed above, and in that it was the first nuclear 
power plant built entirely with private funds. The 
reactor went critical fourteen months after con- 
struction began and power was being produced 
three months later. It has a higher operating pres- 
sure than previous BWR’s and has been able to 
operate at extremely high power density. The re- 
sults of its experimental program show smooth re- 
sponse to power changes at varying pressures and 
power output loads. 

For one to consider boiling water reactors ap- 
plied to ship propulsion in any detail a particular 
ship must be chosen and definite requirements spe- 
cified. Since much preliminary study has been com- 
pleted for the T5-S-RM2a, a 615 foot, 31,400 ton, 
20 knot tanker, it is the ship considered in the fol- 
lowing evaluation. The following conditions of op- 
eration will be required of its power plant: 

a). 22,000 shp under normal sea conditions 

b). 20,000 shp and heating cargo with sea temperature of 

40°F 

c). transference of cargo at sea at a rate of 15,000 bar- 

rels/hour at 15 knots under cold weather conditions 
d).cleaning of tanks at sea under normal butterworth 
conditions at normal shp 


e). transference of cargo in port at rated pump capacity 
of 24,000 barrels/hour 


The George G. Sharp Corporation has recently 
completed studies in which eight boiling water re- 
actor types were briefly considered.’ Forced circu- 
lation direct, natural circulation direct, and forced 
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circulation indirect cycles were then studied in de- 
tail. Table II, taken from that study, breaks down 
the findings for these three in comparison with a 
conventional steam plant and a pressurized water 
plant of the Savannah type. The conventional plant 
is used for the economic standard and pressurized 
water acts as the norm for nuclear design since it 
is the type of the only operating seagoing nuclear 
power plant. One should note particularly that all 
three boiling water reactors are superior to both 
standards in cargo carried, and to pressurized water 
in cost per ton of cargo. Naturally there is more to 
the question of economics than cost per ton and the 
subject will be pursued in greater detail later in 
this study. 

A length limitation on this paper precludes the 
parallel development of all three of these power 
boiling water plans. Therefore, the direct cycle, 
natural circulation type is being chosen for discus- 
sion. In late 1958, the General Electric Company 
completed a design study of this type plant.’ There 
is a basic similarity between this plant and that de- 
signed by General Electric for small electric power 
generation stations. The exceptional performance of 
the Vallecitos Boiling Water Reactor no doubt 
prompts this choice. The following highlights were 
gathered from that study: 

The reactor is rated at 59.7 MW output and nor- 
mally operates at a pressure of 1000 Ibs. The core 
has a five foot diameter and an active fuel length 
of 68 inches. The fuel is enriched (2.1 percent) 
uranium dioxide in the form of cylindrical pellets 
which are stacked in zircaloy tubing. Water enters 
the core from the bottom, passes up around the 
fuel, and starts to boil. Boiling continues until the 
steam water mixture leaves the core and enters a 
chimney section which is provided to gain addi- 
tional driving head. The steam, which receives ini- 
tial separation at the water surface, flows through a 
steam outlet dry pipe in the reactor vessel head 
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(From Table in Reference 6) 
Comparison of Weight, Capacities, and Cost 


TABLE II 


(Weights in long tons — Capacities in Barrels) 


Plant Conv. Press. - Boiling Water— — — — — — — — 
Power Plan 
Savannah 
Type 
Natural Circulation Forced Cir. | Forced Cir. 
Cycle Direct Indirect | ————— Direct— — — — — Direct Indirect 
Containment — Primary Primary Mach’y Space Primary Primary 
Light Ship Weight 


Crew, Stores, Effects, Misc. .......... 


base (2.5) 
Capacity 


Cost 


1.0 2.16 


21,640 21,790 21,600 20,560 
58 6.6 5.6 03 
208,000 178,000 


(a) Included in deadweight. 


(b) Plus cargo oil included in deadweight. 


and then to an external steam drying drum. Steam 
at approximately 99.9 percent quality is available 
for the propulsion turbine. The water which is sep- 
arated from the steam in the reactor vessel flows 
down the annulus between the chimney and the 
vessel wall where reactor feedwater is introduced, 
thus sub-cooling the recirculated flow which then 
continues down through the annulus to the core 
inlet. 

The twenty-one control rods have poison sections 
of boron stainless steel alloy. Each rod has a sep- 
arate drive mechanism. Hydraulic accumulators 
provide for scramming action. The rods are inserted 
from below. Withdrawal from the core in a down- 
ward direction increases reactor activity, and in- 
sertion in an upward direction decreases reactivity. 
A liquid poison system is provided for use only if a 
sufficient number of rods to achieve shutdown fail 
to enter the core. This system is manually operated 
by remote means; operating pressure is supplied by 
bottled nitrogen gas. 

Two shell and tube type condenser boilers are ar- 
ranged so that the primary steam condensed on the 
tube side will flow back to the reactor vessel by 
gravity head. The steam generated on the shell side 
is used for auxiliary services where non-radioactive 


steam is desired. Its uses include final sealing of the 
turbine glands and operation of the standby turbo- 
generator which is located outside the main engine 
room. These units also provide heat dissipation in 
the event the reactor should be isolated from its 
regular heat sink, the main condenser. The feed- 
water capacity of both units is sufficient to keep 
reactor steam pressure below safety valve setting 
for more than an hour after scram from full power. 
Following this period, feedwater to the condenser 
boilers can be replaced by the emergency reactor 
feed pump. 

In a boiling water reactor, the formation of steam 
in the core reduces the amount of moderator 
(water), which reduces the percentage of neutrons 
slowed to thermal level and in turn, reduces the 
number of fissions. This is called negative power 
coefficient and provides an inherent safety feature. 
Automatic control of this power plant is accom- 
plished by the reactor control system and the load 
control system. The reactor control system is de- 
signed to control automatically reactor power with- 
in the limits of 10 percent to 100 percent full load. 
Reactor power is controlled by proportionally posi- 
tioning control rods in the core with reactor steam 
pressure as the controlling signal. Faster load 
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changes will be the function of the load control sys- 
tem which utilizes by-pass steam to the main con- 
denser to minimize reactor steam flow transients. 
This is accomplished by a master controller which 
interlocks and controls the ahead astern maneuver- 
ing valves and the by-pass valve. 

Provisions have been made for limited shipboard 
stowage and concentration of liquid wastes and 
spent resins. The waste collector tank serves as a 
central point from which all liquid wastes are 
handled. Samplers in waste lines discharging over- 
board combined with integrating flow recorders 
maintain a complete record of discharge quantities 
and activities. 

Non-condensables from the main condenser air 
ejector establish the requirement for an off-gas sys- 
tem. These gases will include radioactive N**, O°, 
and similar radioisotopes formed by irradiation of 
reactor water. If fuel element rupture occurs,’ ra- 
dioactive xenon and krypton fission gases will be 
present. During normal operation, with no fission 
gases present, the gases removed by the air ejector 
pass through a catalytic recombiner to reduce the 
hydrogen and oxygen to water. The remaining gases 
pass to a compresser to reduce the volume further 
and then to a hold-up tank prior to being discharged 
under water with the condenser cooling water. If 


TABLE III 
Comparison of Ship Costs and Annual Operating Costs 


fission gases are present in the off-gases, it will be 
necessary to retain the compressed off-gas in hold- 
up tanks before discharge. 

An oil fired standby boiler installed in the un- 
shielded engine room space provides creep home 
steam to the main and auxiliary turbines. It has a 
capacity of 25,000 lb/hr at 250 psig. 

Although economic comparison among several of 
the most well developed nuclear types shows a de- 
cided advantage for boiling water, an accurate 
comparison with conventional type plants is diffi- 
cult. The U.S. government allows $30/gram credit 
for plutonium buy-back. Foreign operated reactors 
are guaranteed only $12/gram. Assuming the latter 
figure to be more realistic, the cost of operating a 
nuclear plant in this country can increase greatly 
at the whim of the AEC. On the other hand, the 
present cost of fuel fabrication is $70/Ib of urani- 
um. A cross section of estimates for future cost 
makes $45/lb by 1965 a reasonable estimate. If the 
present trend continues, the cost of fossil fuel will 
increase a significant amount over this same period 
of time. One must also keep in mind the fact that 
the first nuclear plant would necessarily be more 
expensive to build than would subsequent identical 
plants. 

Table III’ is an evaluation using an existing 


Ship Costs 
BWR #1 


Conventional 
$11,400,000 


BWR #2 
$14,600,000 


Total Operating Cost, excluding fuel ....................... $ 2,020,000 
Fuel Cost 
(Fuel Oil — $2.90/bbl) 


$ 2,470,000 


700,000 


(Nuclear $70/Ib. Fab. and $30/g Pu) 


Total Operating Costs Projected to 1965 
(Fuel Oil — $3.40/bbl) 
(Nuclear $45/lb Fab. and $12/g Pu) ............... ccc $ 2,845,000 $ 3,050,000 $ 2,990,000 


Note: 1. Depreciation at a uniform rate over 20 year period. 
2. Insurance for conventional ship at 1.25% of ship cost—Nuclear ship insurance, arbitrarily double cost for conventional ship. 
3. Average interest over a 20 year period at 3.0%. 
4. Crew cost, subsistence and stores Ghecd on estimates for U.S. flag operation. 
5. Arbitrary estimates for port, canal and "oudthand @ charges. 
(This table digested from a larger table in reference (7) 
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BOILING WATER REACTORS FOR SHIP PROPULSION 


39,000 ton tanker. Computations have been made 
for present costs and again for costs projected to 
1965. The last column in the table is for a second 
nuclear ship identical to the first. The nuclear plant 
is the same 22,000 shp plant described earlier. No 
attempt has been made to optimize economically 
the power plant to this particular ship. Annual 
cargo capacity has been based on 7.5 round trips, 
operating 300 days/year at rated propulsion power. 
Because of a 2500 ton increase in cargo capacity 
with a 900 ton reduction in dead weight, the nu- 
clear ship can annually deliver up to 20,000 addi- 
tional tons of cargo. With this increase it is able to 
carry cargo more cheaply than the conventional 
tanker. However, it has an initial cost which is 3 to 
4 million dollars greater. 

This cost evaluation indicates that capital invest- 
ment for nuclear propelled ships may always be 
greater than for corresponding conventionally pro- 
pelled ships. To offset these higher costs a nuclear 
design must take advantage of its lower fuel costs 
and increased cargo capacity. The boiling water nu- 
clear plant seems particularly well adapted to ac- 
complishing both of these aims in the immediate 
future. 

Research for this paper has proven extremely en- 
lightening to the author. Since those for whom this 
report is intended may have similar false impres- 
sions, accounting for several of the author’s mis- 
conceptions may prove generally advantageous. He 
believed that satisfactory operation of a boiling 
water reactor was questionable for two reasons. 


First, the nature of the reactor was unstable. It 


could be expected to commence a divergent oscil- 
lation at any time. Second, it would have great ra- 
diation danger and necessary maintenance and re- 
pair would be impossible. 

It was found in operation of the first boiling 
water reactors that it was possible to find condi- 
tions of operation for which a large amplitude, 
resonant, power oscillation would result. Since it 
appeared that these oscillations might produce lim- 
its on the system, much experimental and analytical 
work was done to understand it. It was found that 
not one but many factors such as fuel element time 
constant, hydraulic time constant, and percent re- 
activity in steam voids were involved in varying 
degrees. It was felt that this oscillation was ana- 
logous to that in electronic equipment and could be 
similarly analyzed. Differential equations of amaz- 
ing complexity (9), involving feedback circuit 
analysis, were employed. These results not only 
predicted the extreme stability of the EBWR and 
the VBWR, but they also predicted accurately their 
response curves for rapid power changes. Neither 
of these reactors has succeeded in producing oscil- 
lation. They have been started by the unconven- 
tional method of putting the system on a sharply 
rising period, causing the power level to rise very 


rapidly, to bounce off some limiting value of power 
associated with the steam production, and to settle 
down to normal operation without any adjustment. 

The unqualified correlation of radiation danger 
with boiling water reactors is, of course, incorrect. 
The indirect cycles never allow the radioactive 
coolant to leave the primary. Experience with di- 
rect cycle operation is rapidly dispelling doubts 
about its radiation level. Both Borax IV and EBWR 
have operated with damaged fuel elements. Even 
intentional core damage has produced no lasting 
effects in machinery components. During recent 
work on the inside of the VBWR main turbine, 
gloves were worn by workmen. Otherwise, ordinary 
repair procedure was employed. Engine room em- 
ployees have performed their duties full time while 
accumulating radiation at a yearly rate which is 
comparable to the weekly safe dosage rate. 

Every day, operation of existing boiling water 
reactors adds to the available data and experiment 
increases knowledge and understanding. These fac- 
tors along with simplicity, compactness, stability, 
and decreasing initial cost, give the boiling water 
reactor cycles increasing promise as worthy com- 
petitors for conventional systems. 
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ROTARY PISTON ENGINE SYMPOSIUM 


ACKNOWLEDGMENT 


“The following article was prepared by the staff of “The Engineer” and 
was printed in their February 26, 1960 issue. It summarizes a symposium 
convened in Munich by the Verein Deutscher Institute.” 


A LARGE AUDIENCE, numbering about 1500 people, 
had followed the invitation of the Verein Deutscher 
Ingenieure to receive at the Congress Hall of the 
Deutsches Museum at Munich on January 19, an 
account on the present stage of development of 
internal combustion engines having a non-recipro- 
cating piston travel. In spite of the rather general- 
ized description of the subject matter to be dis- 
cussed, it was clear that this symposium would pref- 
erably, if not entirely, deal with the new N.S.U.- 
Wankel engine which has received a great deal of 
wanted and unwanted publicity, and has raised 
among experts a certain amount of scepticism. 

The expectation that at this meeting some auth- 
orized information on the work in progress would 
be released proved to be accurate; five papers, all 
read by technologists who were actively engaged 
in various stages of the development of the N.S.U. 
engine, dealt with such aspects as the history, the 
thermodynamic and kinematic principles, the con- 
structional layout of the experimental engines and 
with the test results so far achieved. An engine was 
demonstrated on the test bed, and a small circle 
of industrialists, university professors and repre- 
sentatives of the technical press was given the op- 
portunity of examining in detail the principal parts 
of an engine. 

After an introductory paper, read by the noted 
thermodynamicist, Professor E. Schmidt of Munich 


Technical University, dealing with the history and 
with the working cycle of the engine, Professor O. 
Baier of Stuttgart T.U., reported on his work in 
establishing the optimum kinematic conditions for 
the shape of the casing and the rotor; he also gave 
information how these parts can be economically 
produced in a special form-generating grinding ma- 
chine. Herr F. Wankel, the inventor of the engine, 
gave a comprehensive account of the history of 
rotary piston machines; he pointed out that such 
machines, while quite satisfactory as pumps and 
compressors, proved to be unsuitable as prime mov- 
ers when subjected to the high pressures and temp- 
eratures of the working medium. He maintained 
that his early research work on rotary valves, dat- 
ing back to 1930, and pursued until the end of the 
last war at the German Aeronautical Research 
Institute, had greatly assisted him in overcoming the 
difficult sealing problems connected with his engine. 

Dr. E. W. Huber, a lecturer of Munich T.U., in 
his paper on “The Thermodynamic Investigation of 
an Epicyclic Piston Engine,” reported on an exten- 
sive experimental program, carried out on behalf 
of the N.S.U. Company in his own independent re- 
seach institute mainly for the purpose of establish- 
ing the potential merit of the new engine in com- 
parison with orthodox piston engines. His con- 
clusions were underlined and supplemented by Dr. 
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W. Froede, chief research engineer of the N.S.U. 
factory, who released some interesting information 
on the constructional layout of the experimental 
engines, and on the results of tests conducted in the 
firm’s own research department. 

In consequence of the information now available 
it is possible to form not only a fairly clear idea 
about the design and the working principle of the 
engine, but also to a certain extent to assess its 
value, its limitations and its potential impact on 
future engine design. 


KINEMATICS AND GEOMETRY OF THE TROCHOID 


The casing has the form of a two-node epitrochoid. 
It will be remembered that an epitrochoid is one 
of the numeorus varieties of epicyclic curves and 
represents the path traced by a point on the radius 
of a circle, rolling without sliding on the outer cir- 
cumference of another fixed circle; the hypotrochoid 
is generated in a similar way by a point on the 
radius of a circle. If an epitrochoid or a hypotro- 
choid is rotating about an axis, and another ap- 
propriate body, representing either the inner or the 
outer envelope of the trochoid, rotates on another 
parallel axis in the same direction, but with a dif- 
ferent angular velocity, then spaces are formed be- 
tween the trochoid and the envelope the area of 
which varies between a minimum and a maximum 
according to a sine function. 

This property of trochoidal curves has been 
known for more than 100 years, and several patents, 
the first one probably filed as early as 1879, sug- 
gested the possibility of utilizing the phenomenon 
in rotary positive-displacement machines such as 
pumps and compressors. The idea of applying the 
working principle of such machines to internal com- 
bustion engines was suggested in 1938 by De la 
Vaud, who in his French patent No. 853,807 de- 
scribed several examples of engines, based on the 
conception of a hypotrochoid rotating in combina- 
tion with its inner envelope. The use of a two-node 
epitrochoid casing and an inner three-lobed body, 
the latter rotating at a 2:3 speed ratio relative to 
the former, was first investigated by Felix Wankel. 
The engines built by him, first at his own develop- 
ment laboratory and later on in association with the 
N.S.U. Company, were indeed based on such a de- 
sign, and when initially tested in 1956, gave promis- 
ing results. 

In the course of further development it was es- 
tablished that Wankel’s aim, of materializing the 
four-stroke cycle of an internal combustion engine 
in a rotary positive-displacement machine, could 
equally well be achieved by a considerably simpler 
design, namely by the kinematic inversion of the 
original arrangement. In the new Wankel engine, 
now exclusively built, the two-node epitrochoid cas- 
ing has been maintained, but it is kept stationary. 
The inner member is basically an equilateral tri- 
angle and, in order to satisfy the conditions of an 
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inner envelope of the epitrochoid, it has arc-shaped 
sides. The radius of these arcs is selected so that the 
overall distance between the apex of the triangle 
and the arc is equal to the short axis of the trochoid, 
namely 2 (R-e); so that at t.d.c. and b.d.c. i.e. when 
the center of the rotor passes through the short axis, 
the apex as well as the arc maintain contact with 
the trochoid, thereby temporarily subdividing the 
casing into two symmetrical parts. 

The rotor, besides rotating about its own sym- 
metrical axis, orbits about a fixed point constituting 
the center of symmetry of the casing, i.e. the inter- 
section of the long and of the short axis of the 
trochoid. The apices of the triangular rotor, spaced 
at 120 degrees relative to one another, while slid- 
ing on the curved path of the trochoid, maintain a 
continuous contact with the latter during their 
orbit; crescent-shaped cells or chambers of variable 
volume are formed between casing and rotor in 
which the individual stages of the four-stroke cycle 
take place successively. 


It has been stated that in the first Wankel engines, 
with rotor and casing both rotating in the same di- 
rection, the speed ratio of these two parts was 2:3, 
resulting in a velocity of the rotor relative to the 
casing of 4%. The same relative velocity between 
rotor and casing is maintained in the new engines 
with a planetary (epicyclic) motion of the rotor; in 
order to satisfy these conditions (which are intrin- 
sically based on the geometry of trochoid) an 
ingenious design has been adopted. While the rotor 
revolves bodily about the mathematical “fixed 
point,” in this case the center of symmetry of the 
casing, it also rotates about its own axis (eccentric 
to that of the main axis), but in opposite direction 
and with an angular velocity of 34 of the main axis. 
A positive angular displacement of 90 degrees of the 
latter corresponds to a 60 degrees negative angular 
displacement of the rotor relative to its own axis. 
The positive angular velocity of the rotor relative to 
the main axis, therefore, is only 30 degrees, i.e. 
three revolutions of the main shaft correspond to 
one revolution of the rotor. The correct ratio of the 
two angular velocities is effected by a reduction 
gearing, comprising an internally geared annulus 
attached to the rotor and a fixed externally geared 
reaction member located at one side cover of the 
casing, coaxially with the main shaft. 

The rotor, while turning about its own axis, is not 
subject to any torque imposed by the gas forces as 
the resultant of these forces passes through the sym- 
metrical axis. A comparatively small torque, how- 
ever, is transmitted to the rotor by the previously 
mentioned reduction gearing which controls its 
angular velocity in relation to that of the drive 
shaft. As the center of the rotor bearing coincides 
with the center of gravity, the rotor is balanced re- 
lative to its own axis. Centrifugal forces, of constant 
magnitude (disregarding such forces caused by the 
periodical shifting of the center of gravity of the 
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rotor caused by the swirling motion of the cooling 
oil inside the latter) act upon the rotor bearing and 
on the main bearings of the drive shaft; the latter 
can be fully balanced by appropriate rotary bal- 
anced weights. In absence of any reciprocating 
masses there are no inertia forces which might 
cause unwanted vibrations. 

For want of a generally accepted nomenclature 
machines with a rotating casing and a rotating inner 
body have been referred to as “rotary piston 
engines,” and those with an orbiting rotor as “plane- 
tary or epicyclic piston engines.” Both terms might 
be misleading, and, for reasons of clarity, the desig- 
nations further used in this report are the abbrevia- 
tions preferred by the inventor and by the N.S.U. 
Company, namely, D.K.M. (Dreh-Kolben Motor) 
for the old (now discontinued) engine, and K.K.M. 
(Kreis-Kolben Motor) for the latest design. 


OPTIMUM SHAPE OF THE TROCHOID CASING 

The shape of the epitrochoid is determined by the 
ratio of the eccentricity e to the length of the gen- 
erating radius R. Figure 1 shows how, for the given 
volume V,. of one chamber, the size and the shape 
of the trochoid casing can vary considerably. For 
the ratio R/e= it is obviously a circle, for a ratio 
of 11.5:1 it resembles an elliptic, while for smaller 
ratios the curve has two indents in its small axis 
which, as Figure 1 shows, are rather small at the 
ratio R/e=7.1 but very pronounced at the ratio 
R/e=3.9. The R/e ratio also determines the maxi- 
mum angle of obliquity, ¢, which the generating 
radius forms with the normal to the curvature. For 
reasons to be discussed later on it is advisable to 
keep this angle fairly small to facilitate the sealing 
between the apex of the rotor and the path of the 
casing. The maximum deviation of ¢ from the nor- 
mal should not exceed +30 degrees which corre- 
sponds to an R/e ratio of something between 6 and 
7. Figure 1 also shows the influence of the R/e 
ratio on the variation of the area F of each indi- 
vidual cell during the rotation of the rotor and, 
thus, on the theoretical compression ratio e. It will 
be seen that an engine with a big R/e ratio, i.e. with 
a small angle of obliquity, requires a bigger casing, 
but is superior to a machine with a small R/e ratio 
with respect to the maximum obtainable compres- 
sion ratio. The maximum theoretical compression 
ratio of a spark-ignition engine having an angle of 
obliquity of 30 degrees is 15.5:1, a ratio which 
leaves enough margin for accommodating in the 
arc-shaped sides of the rotor recesses for a clearance 
volume amounting to about 50-100 per cent of the 
theoretical compression space. This clearance space 
is required not only for producing a well-formed 
combustion space of favorable anti-knock proper- 
ties, but also for the purpose of providing a suffi- 
ciently wide area to permit the gases at t.d.c. to 
flow through the restricted passage of the waisted 
part of the casing without excessive throttle losses. 
It is clear that each part of the cycle which com- 


R/ e €max 
Or 15 deg. 11.5 30 


Figure 1—Two-node epitrochoid with inner envelope. The 
size of the casing varies, at a given chamber volume, with 
the shape of the curves. 


prises a change from the minimum volume of one 
chamber to its maximum value corresponds to a 
turning of the drive shaft of 270 degrees, in contrast 
to the orthodox piston engine where it corresponds 
to 180 degrees. The K.K.M. engine, where in the 
course of one revolution of the rotor the volume of 
each chamber is successively induced, compressed, 
burnt and exhausted, can be regarded, with re- 
spect to its chamber capacity, as a two-stroke en- 
gine, though the cycle itself is clearly that of a 
four-stroke engine. It follows that for the purpose 
of determining the output of the engine in terms of 
the speed of the drive shaft, the orthodox formula 
relating to two-stroke engines can be used. If V, 
represents the swept volume of one chamber in 
liters (dm*), n, the rotational speed of the output 
shaft in revolutions per minute, and p,», the brake 
mean effective pressure in kilograms per square 
centimeter, then the effective output N, in metric 
horsepower amounts to: 
3V.- Pme Ms 


which is equivalent to that of a three-cylinder two- 
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stroke engine of a capacity of V, liter per cylinder, 
transmitting its torque to the drive shaft at a step- 
up ratio of 3:1. When simplifying the above formula 
to: 


V. Pme 
450 ™s 


it is apparent that the output and, consequently, the 
cyclic irregularities of a Wankel engine of V. cham- 
ber capacity are comparable to those of a single- 
cylinder two-stroke engine of V, cylinder capacity. 
In comparison with the latter engine, however, the 
brake mean effective pressure of the Wankel en- 
gine, employing the four-stroke cycle, is at least 50 
per cent higher. The high brake mean effective 
pressure and the high output speed together ac- 
count for the small bulk and weight of the Wankel 
engine; on the other hand they indicate that the 
engine is subject to considerable thermal loading. 

There is another aspect in which the K.K.M. en- 
gine resembles a two-stroke engine, namely, in re- 
spect of the control of the gas exchange. Inlet and 
exhaust ports, arranged in the circumference of the 
casing, are covered or uncovered, respectively, by 
the three radial sealing elements of the rotor. It is 
obvious that ports of adequate dimensions offer 
larger and less restricted flow areas than valves, so 
that—in absence of the turbulence caused by valve 
plates and valve stems—the effective gas exchange 
area is decidely favorable; further, the steep rise 
and the rapid closure of the ports permits a short- 
ening of the timing angle. The steep rise of the port 
opening curve permits the utilization of the pres- 
sure at the end of the expansion period to the full- 
est extent, while the rapid closure offers the possi- 
bility of making use of the “dynamic supercharg- 
ing” effect. 

Refererice has already been made to the fact that, 
for practical reasons, the development of the D.K.M. 
engine has been discontinued in favour of the 
K.K.M. engine. It is considerably easier to employ 
a stationary casing instead of a rotary one, thus 
facilitating the cooling, the lubrication and the ar- 
rangement of the spark plug. 

On the other hand, the K.K.M. engine has cer- 
tain disadvantages: the out-of-balance masses of the 
eccentric and of the rotor have to be compensated 
for by two equivalent rotary masses arranged on 
the drive shaft on either side of the eccentric. Fur- 
ther, the centrifugal forces, caused by the rotor or- 
biting about the axis of the drive shaft, impose 
additional stresses upon the rotor bearing which is 
already heavily loaded by thermal stresses. There 
are also certain difficulties concerning the cir- 
culation of the cooling medium through the rotor. 
If, for reasons of a compact and economical design, 
a casing with a small R/e ratio, ie. a trochoid with 
substantial indents, is preferred, the conditions of 
maintaining at these points an effective contact be- 
tween the sealing elements of the rotor and the 
casing are not favorable. 
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SEALING ELEMENTS 


From the very beginning of the development of 
the N.S.U. engine it was apparent that the sealing 
of the rotor relative to the casing was a consider- 
able problem. Great difficulties had to be overcome 
to obtain a gas-tight radial seal at the three apices 
of the triangular rotor. It is obvious that any seal 
between the apex and the wall can maintain only 
line contact because of the periodical change in am- 
plitude and direction of the contact pressure and 
of the variation of the angle of obliquity. On the 
other hand, the variation of this angle over the 
whole path of each sealing strip helps to keep the 
wear of the radiused tip within reasonable limits 
as the line of contact shifts over the total width of 
the vane. 

The vanes are pushed towards the curved surface 
of the casing by the centrifugal forces which, at the 
apices of the rotor, vary in magnitude and direction; 
other forces determining the contact pressure are 
gas forces, friction and Coriolis forces. Reference 
has already been made to the fact that the vanes, 
when sliding over the nodes of the trochoid tend to 
lose temporarily contact with the wall. Although 
centrifugal forces and gas pressures quickly restore 
the original position of the vanes, it is possible (and 
has indeed occurred in several test engines) that 
this phenomenon might lead to an oscillating mo- 
tion of the vane similar to the well-known piston 
ring “flutter,” and result in pitting the trochoid 
path. Expander springs, located in the main groove, 
and chromium plating of the path (for the purpose 
of reducing the coefficient of friction) have been 
found useful in overcoming these difficulties. 

The elements, sealing the side faces of the rotor 
relative to the plane inner surfaces of the end cov- 
ers, are basically arc-shaped segments of piston 
rings, placed in grooves which closely follow the 
outer contour of the rotor arcs; they are pushed 
towards the sides of the end covers by expander 
springs located at the bottom of the ring grooves. 
The ring segments, three for each rotor facing, join 
with the radial sealing vanes by means of a device 
shown in Figure 2. It consists of a cylindrical mem- 
ber of 7mm-10mm diameter and about 20mm long 
which is positioned near each apex on either side 
of the rotor. This cylinder is longitudinally slotted 
to accommodate the innermost part of the sliding 
vane; it has two further recesses to locate the ends 
of two adjacent segment rings, thus establishing a 
complete gas-tight sealing along the whole contour 
of the rotor. 

It is not known whether the arrangement illus- 
trated in Figure 2 is the latest sealing device de- 
veloped by N.S.U., but it is one of the numerous 
versions which have been successfully tried within 
the last two years. In the course of this develop- 
ment work, various materials have been tested for 
their suitability as sealing elements; among them 
steel, light metal, bronze, spheroidal-graphite iron 
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Figure 2—Radial and axial sealing of the rotor, compris- 
ing sliding vanes at the apices and ring segments at the side 
faces. 


and cast iron. The best results were obtained with 
the special high-duty cast iron commercially used 
in the manufacture of piston rings. 


MACHINING OF THE TROCHOIDAL CASING 


The trochoid casing, if made of cast iron, is ma- 
chined by grinding in order to obtain the required 
surface finish of the path. It would be quite feasible 
to grind the trochoid by means of a form-generating 
machine, but it has been found more practical to 
use the generating process only for the grinding of 
a master cam and to produce the casing on a copy- 
ing grinding machine. During the grinding the 
spindle of the machine oscillates in the axial direc- 
tion in order to obtain an optimum surface finish. 

Aluminum casings are machined to a very fine 
finish on a copying milling machine, then plated 
with a 0.40mm layer of non-porous chromium, and 
eventually ground on a copying grinding machine. 
In this connection it should be mentioned that most 
of the latest experimental engines have been fitted 


with such casings which combine the advantages of 
the hard, wear-resisting chromium-plated path with 
the high thermal conductivity of aluminum. 

So far all the experimental engines made by 
N.S.U. and Curtiss-Wright have been equipped with 
liquid cooling. As the specific temperature stresses 
are considerably higher than those of comparable 
conventional engines, a controlled flow of the cool- 
ant is essential. Water is used for cooling the casing 
and the end covers, and the passages of the cooling 
jackets are so dimensioned that the velocity of the 
circulating coolant has its maximum round the 
thermally highly stressed zones around the spark- 
ing plug and the exhaust port. The rotor of the en- 
gine, now preferably cast of colloidal-graphite iron, 
is thermally less stressed than the casing. It is 
cooled by oil for reasons of sealing the rotor bear- 
ing relative to the coolant. The oil volume inside 
the rotor is subject to considerable churning due 
to the periodical variation of the peripheral veloci- 
ty of the apices, and extensive experimental work 
was required to devise means for an effectively 
controlled oil circulation, Figure 3. Lubricating oil 


(1) Side cover of casing. 
(2) Rotor. 
(3) Scoop vanes. 
Figure 3—Vaned scoop attached to the front side cover 
effecting the return of the cooling oil from the inside of the 
rotor to the reservoir. 


is fed into the rotor through the front end of the 
hollow drive shaft and is returned to the reservoir 


' or to the oil cooler by means of stationary vanes, 


arranged at the rear side cover and protruding into 
the cavity of the rotor. This procedure is essential 
as an excessive volume of oil, being subject to vio- 
lent agitation, seems to have a detrimental effect 
on the mechanical efficiency of the engine. ° 


CONSTRUCTION DETAILS OF THE 
EXPERIMENTAL ENGINES 
The principal experimental engines, built in sev- 
eral versions between 1957 and 1959, comprise ro- 
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SECTION ON A.A. 
1—Eccentric shaft. 
2—Rotor. 
3—Casing. 
4—Side covers of casing. 
5—Main shaft bearings. 
6—Rotor bearing. 
7—Gear wheel located in side cover. 
8—Geared annulus attached to rotor. 
9—F lywheels. 
10—Lubricating oil pipe. 


SECTION ON 8.8. 


SECTION ON BB. 
11—Cooling oil scoop. 
12—Space for electric contact breaker. 
13—Water jacket. 
14—Splined joint to output shaft. 
15—Sparking plug. 
16—Exhaust duct. 
17—Inlet duct. 
18—Radial seals. 
19—Combustion recess in rotor. 


Figure 4—Longitudinal and cross section of type K.K.M. 250. 


tary piston engines (type D.K.M.) of 125 cu cm | 


chamber volume and epicyclic piston engines (type 
K.K.M.) of 125 cu cm and 250 cu cm chamber vol- 
ume. Apart from the now obsolete type D.K.M., two 
versions of the type K.K.M. 125 were built and 
tested, one with ball and roller bearings for the 
main bearings and the rotor bearing, the other with 
plain bearings all round. The dry weight of this 
engine without accessories was 17 kg with cast iron 
casing and 11 kg with light-metal casing. Water 
cooling was employed for the casing and for the end 
covers, and lubricating oil cooling for the rotor. The 
trochoid path was nitrided in case of the cast iron 
or spheroidal-iron version and chromium-plated in 
the case of the light-metal design. The rotor was 
alternatively made of an AlI-Si alloy or of welded 
steel plate, the latter design proving to be the bet- 
ter solution. 
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The type K.K.M. 250 is basically similar to the 
smaller design, but has a greater R/e ratio to allow 
the investigation of combustion chambers of differ- 
ent size and shape. It will be seen from Figure 4, 
showing the longitudinal and cross-section of the 
engine, that the drive shaft is made integral with the 
amply dimensioned eccentric and is carried in a 
roller bearing at the free end, and in a ball bearing 
at the output end. The rotor shown in Figure 4 has 
a needle bearing which, however, has been replaced 
in later experimental machines by a quadruplex 
roller bearing. Counter-weighted flywheels on either 
side of the rotor reduce the speed fluctuations of 
the shaft and balance the centrifugal loadings on 
the main bearings imposed by the rotor and its oil 
contents. Both flywheels are shielded by disc plates 
and labyrinth seals against oil spray, and scraper 
rings on the side facings of the rotor prevent the 
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Figure 5—Rotor of type K.K.M. 250 engine. 


entrance of oil into the working chambers of the 
engine. The rotor of the type K.K.M. 250 is shown 
in Figure 5. 

The dry weight of the engine without accessories 
is 33 kg with cast iron casing, and 22 kg with light- 
metal casing, equivalent to a specific weight of the 
engine with accessories of probably less than 1.5 kg 
per horsepower. 


TEST RESULTS 


Extensive tests were carried out both by the 
N.S.U. development department and by Dr. Huber’s 
Research Laboratory, to assess the performance 
and the general behaviour of the Wankel engine in 
comparison with conventional piston engines of 
equivalent cylinder volume. The piston engines 
were single-cylinder air-cooled N.S.U. motor-cycle 
engines of 125 cu cm and 250 cu cm capacity, rep- 
resenting in their particular field the latest stage 
of development. 

Figure 6 shows the results of one of the tests con- 
ducted to compare the volumetric efficiency and the 
frictional losses of the two Wankel engines, K.K.M. 
125 and K.K.M. 250, with those of a conventional 
125 cu em piston engine. For reasons of comparison 
the speed of the Wanker engines were based on the 
previously mentioned “thermodynamic speed,” 
equivalent to two-thirds of the shaft speed. Figure 
6 shows that, in spite of the smaller number of mov- 
ing paths, the Wankel engine in its present stage of 
development has a higher friction mean pressure, 
i.e. a lower mechanical efficiency than the piston 
engine. On the other hand the volumetric efficiency 
is higher, especially that of K.K.M. 250, because of 
the smaller throttle losses at the inlet which per- 
mits a dynamic charging of up to 120 per cent. The 
volumetric efficiency is quite satisfactory even at 
the low speed of about 1000 rpm which seems to 
indicate that the sealing arrangements are quite 
effective. 
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1—125 c.c. conventional engine. 
2—125 c.c. K.K.M. engine. 
3—250 c.c. K.K.M. engine. 


Figure 6—Volumetric efficiency and friction mean pressure 
of motored engines. 
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Figure 7—Output, volumetric efficiency and fuel consump- 
tion of type K.K.M. 250. 


Brake tests with all the above-mentioned engines 
were carried out at compression ratios ranging 
from 7.5:1 to 8:1, and brake mean effective pres- 
sures from 9.8-10.5 kg per square centimeter were 
obtained. Figure 7 presents test results of the 
K.K.M. 250 engine showing the high volumetric 
efficiency (about 105 per cent at 8500 rpm), and 
favorable mean effective pressures in the speed 
range between 2000 and 9000 rpm. The optimum 
fuel consumption of 250 grams per horsepower hour 
at 7500 rpm is likely to be reduced in the course of 
further development. 

An exact assessment of the thermodynamic be- 
havior of the earlier D.K.M. 125 engines was not 
possible because of the difficulty of obtaining ac- 
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curate indicator diagrams from the rotating casing. 
K.K.M. engines, however, could be properly exam- 
ined with a cathode ray oscillograph, the pick-ups 
of which were suitably arranged at four points at 
the circumference of the casing. A comparison be- 
tween the pV diagrams of a K.K.M. 125 engine 
and that of the 125 cu cm conventional piston en- 
gine (Figure 8) shows that the difference between 
these two engines in respect to the compression, the 
rate of pressure rise, and the expansion is very 
small. Such a positive result is actually surprising 
because one would expect the combustion process 
of the Wankel engine to be negatively affected by 
the increased rate of heat transfer of the gas flow- 
ing along the large cooled areas of the casing at 
considerable velocity. 


60 80 100 140 
VOLUME — CM? 14! 
A—n=5670 r.p.m., pme—7.4 kg per square centimeter. 
e—8-4:1, ignition : 31 deg. before T.D.C. 


B—n=9470 r.p.m., pem=7.2 kg per square centimeter. 
> =96 . 1, ignition : 38 deg. before T.D.C. 


Figure 8—Pressure-volume diagrams of 125 c.c. four- 
stroke piston engine and of type K.K.M., 125. 


The fact that excessive heat losses and leakage 
losses are not discernible in the pV diagram nor in 
the more accurate log p log V diagram, gives rea- 
son to believe that the new engine in thermal dy- 
namical respect is just as efficient as the conven- 
tional engine. Considering that the Wankel engine, 
after about three or four years’ research work, is 
still in the early stages of its development—com- 
pared to the highly refined piston engine of today— 
such a result is most encouraging. 

It is stated that during the first stages of the re- 
search program more emphasis was laid on attain- 
ing satisfactory results in respect of specific output 
and fuel consumption than on optimum wear resist- 
ance. Results so far available are based on endur- 
ance tests extending over a period of 100 hours only 
and are not entirely conclusive. A K.K.M. 250 en- 
gine was subjected to such a test in July, 1959, and 
run without any defects developing 21 hp at 4700 
rpm. The engine maintained its full output until the 
end of the test and, after cleaning and removal of 
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Figure 9—Part of 100 hours endurance test of type K.K.M. 
250. 


the carbon deposits, was used again for another en- 
durance test. 

An improved version of the K.K.M. 250 engine 
was also tested for 100 hours in December, 1959, 
this time mainly for the purpose of determining the 
wear properties of a chromium-plated light-metal 
casing in conjunction with a cast iron rotor. The 
engine was run at full load and developed 31 hp at 
5500 rpm, equivalent to a brake mean effective pres- 
sure of about 10 kg per square centimeter. Figure 
9 shows the performance and the fuel consumption 
of the engine during part of this test; it will be seen 
that after the initial running-in period the specific 
consumption of the lubricating oil became gradual- 
ly lower. 

Measurements taken after the 100-hour runs 
showed that the wear of the radial vanes varied 
between 0.06mm and 0.11mm, and that of the ring 
segments of the rotor faces between 0.01mm and 
0.02mm. The wear of the trochoid path was gen- 
erally satisfactory with the exception of the ther- 
mally and mechanically (vane flutter) highly 
stressed indents close to the spark plug and in the 
neighborhood of the exhaust port where, after fifty 
hours, erosive wear amounting up to 0.05mm could 
be observed. Improved surface finish, chromium- 
plated aluminum casings and protective layers of 
metallic molybdenum, sprayed on the most exposed 
parts of the trochoidal path, have been successfully 
tested. It is confidently believed that by such means 
the wear resistance of the casing can be improved 
to such an extent, that for at least 500 hours of 
full-load operation the overall performance of the 
engine would not be adversely affected. The main 
bearings and the rotor bearing can easily be di- 
mensioned for adequate wear resistance. 


PROSPECTIVE VIEW OF FURTHER DEVELOPMENT 
At present it is not possible to give any definite 
prognosis about the future development of rotary 
and epicyclic piston engines and their potential 
field of application. Test results so far achieved with 
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experimental engines undoubtedly can and will be 
improved. Little is known about the behavior of 
engines of different chamber volume; it can only 
be stated with certainty that, for chamber volumes 
ranging from 125 cu cm to 1000 cu cm, satisfactory 
operation at mean effective pressures of more than 
9 kg per square centimeter have been achieved. It 
is expected that in engines of bigger chamber vol- 
ume the problem of sealing will prove less difficult, 
and, further, that the fuel consumption will be 
lower. The American Curtiss-Wright Corporation 
which has acquired the license of the N.S.U.-Wan- 
kel engine is reported to have operated an engine 
of 1 liter chamber volume for several hundred 
hours without observing any output-reducing wear. 
The average fuel consumption in these tests 
amounted to 200 grams per horsepower hour, and 
it is expected that bigger engines of something be- 
tween 3 and 10 liters chamber capacity will give 
even better results. 

Engines of larger output can be built in multi- 
unit arrangement, i.e. by joining two or more stand- 
ard units in line, the individual rotors rotating on 
the eccentrics of one common shaft. In the case of 
a four-unit in-line engine the eccentrics of the drive 
shaft would be arranged 90 degrees apart, thus 
eliminating the need for balancing the centrifugal 
forces imposed by the individual rotors. The free 
couples, produced in multiple-unit engines having 
less than six rotors (apart from a four-unit engine 
with the eccentrics arranged 180 degrees apart), 
have to be balanced in the orthodox way, i.e. by 
appropriate weights attached to the drive shaft. 

There is a possibility that the K.K.M. engine 
might be developed to a compound engine of high 
overall efficiency if the energy of the combustion is 
expended in two successive chambers of a three- 
node epitrochoid casing (Figure 10). The Combina- 
tion of a trochoid supercharger and a K.K.M. en- 
gine also seems to be a feasible proposition. 

The Wankel engine, so far, has been constructed 
as an Otto engine, but there are no fundamental 
reasons which would exclude its conversion into a 
diesel engine, providing that the ratio of the two 
main axes of the trochoid is laid out so that a suffi- 
ciently high compression ratio can be realized. It 
will be remembered that the maximum obtainable 
compression ratio is determined by the R/e ratio; 
it should be quite possible to attain effective com- 
pression ratios up to about 20:1 with a R/e ratio of 
about 12, but at the expense of a considerable in- 


Figure 10—Three-node trochoid with four-point rotor. 


crease of the overall dimensions of the engine. At 
the present stage of the development it seems 
rather premature to make any predictions about 
the economic limits imposed by these conditions or 
about the question whether or not the elongated 
combustion space of the Wankel engine will suit 
the specific requirements of the Diesel process. 

Claims have been made in recent press releases 
that the engine will be insensitive to fuels of widely 
different character; although it has been reported 
that preliminary tests with 30-octane petrol proved 
successful, such statements should be accepted 
with certain reservations. 

Whether or not the Wankel engine, as has been 
predicted, will eventually turn out to be “a mile- 
stone of revolutionary significance” in the develop- 
ment of the internal combustion engine remains to 
be seen. There is no doubt that after a comparative- 
ly short period of painstaking research and develop- 
ment, remarkable and most promising results have 
been achieved. On the other hand it must be em- 
phasized that the engine is still in the early stages 
of its development, and that some time will elapse 
until it can be considered a marketable proposition. 
An extensive development program has been drawn 
up by the N.S.U. Company and the Curtiss-Wright 
Corporation; starting with an investigation of en- 
gines of different chamber capacity, operating at 
constant load and constant speed conditions, it is 
intended to build some medium-sized boat and air- 
craft engines, i.e. engines with a co-ordinated speed- 
to-load ratio. The development of automotive en- 
gines, operating at variable load over a wide speed 
range, is believed to offer considerable difficulties 
but, on the other hand, the greatest commercial re- 
ward. The undisputed advantages of the Wankel 
engine, the small bulk, the favorable power-to- 
weight ratio, freedom from vibrations, and simplic- 
ity of design, should fully justify the great effort 
which has been made and the intensive develop- 
ment work which is still required. 
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In these windings the logical conclusion is caught fast, and man, who in great 
things as well as in small usually acts more on particular prevailing ideas and 
emotions than according to strictly logical conclusions, is hardly conscious of 
his confusion, one sidedness, and inconsistency. 

—Karl von Clausewitz, On War 


” 


yp nn Warp, the wit from Maine, tells a de- writer will also “venture a few remarks”, not “on 


lightfully whimsical story of the gentleman at a 
funeral who, when eulogious remarks on the de- 
ceased were called for but none were forthcoming, 
rose to say: “In the absence of other speakers, I 
will venture a few remarks on the protective tariff.” 

Like Mr. Ward's gentleman at the funeral, this 


the protective tariff”, but upon the Navy’s gradually 
diminishing afloat resupply capabilities which may 
have reached dangerously inadequate levels. This 
tragic logistical recedivism manifests itself mainly 
as a lamentable and almost indefensible dearth of 
modern mobile replenishment ships—ships which 
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our fast growing nuclear navy now sorely needs 
and, to remain effective, must soon have. Also like 
Ward’s funeral gentleman’s remarks, these will 
eulogize neither the civilian authorities, who bear 
responsibility for our national survival, nor the na- 
val planners whose mission is to provide the ready 
naval wherewithall to insure this. 

Unlike his “few remarks” however, these com- 
ments are not made “in the absence of other speak- 
ers”, for there have been many dedicated, well in- 
formed and far more gifted interlocutors on this 
subject: The battle wise and logistically competent 
“old masters” who commanded our vast victorious 
fleets of yesteryear and intelligent, articulate, 
younger disciples of modern “in being” mobile re- 
plenishment readiness, who are well versed in both 
the practical and theoretical aspects of modern naval 
warfare. Each of these groups is highly knowledg- 
able and keenly aware of the transcendent necessity 
of durable and ready “on hand”, organic replenish- 
ment mobility and both have addressed themselves 
to its furtherance with laudable vehemence; albeit, 
the lack of tangible results to date would seem to 
indicate that most of their solicitations in its behalf 
have fallen upon indifferent, if not totally deaf ears. 

The unalloyed truth of the matter is, that these 
remarks are set down because of two compelling 
convictions and one inesculent foreboding. The con- 
victions are that replenishment mobility, now more 
than ever before, is the true “vis-vitae” of successful 
fleet operations, and that efficacious mobile logistic 
support and versatile combat potency are homo- 
logous and ingenerate ingredients of all well con- 
ceived, intelligently organized, and purposefully 
executed naval endeavor. The foreboding is that 
preoccupation with glamourous new theories, new 
ships and newer weapons, might beguile the Navy 
into all but forgetting a prosaic, but basic verity of 
modern sea warfare and naval power, i.e., that per- 
durable tactical mobile replenishment logistics, 
backed by strategic logistics, is consanguineous with 
naval survival in this nuclear age. 

Not long ago, Field Marshall Montgomery, in one 
of his parabolic but less provocative pronounce- 
ments stated: “If we lose an air war we lose it 
quickly” (sic). Now if the general meant to convey 
the idea that the tempo of offensive air operations 
is swift, that some of the military results thereof 
become more immediately apparent, and that win- 
ning an “air battle” may provide quicker and better 
strategic and/or tactical access to the enemy, then 
he is merely reciting an obvious military fatuity 
with which no informed person in his right mind can 
possibly disagree. Although foreswearing all inten- 
tions of indulging in military polemics, this writer 
respectfully submits that as a “negotiable” principle 
of war, or even as a recognizable military entity, 
there never has been, nor is there likely to soon be 
such a thing as an “air war” per se. Furthermore, 
even in this age of increasing spontaneity in offen- 
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sive military reactions, it still appears unlikely that 
any war of the now visible future could be confined 
solely to the air. And, to make a logical corollary, 
it seems equally unlikely that a total victory can 
ever be won or a complete strategic defeat inflicted 
solely through the medium of air warfare. On the 
other hand, it is fervently believed, and this belief 
seems abundantly sustained by history and current 
estimates, that if the United States hopes to win a 
cold, limited or general war, it must control or be 
able to make reasonably prompt and free use of the 
sea routes which link vital American/Western Al- 
lied resources to any vital psycho-political or active 
military fronts that may develop. For surely, if we 
forfeit the relatively free use of sea shipping routes, 
we will be just that much more likely to lose some 
of the politico-economic skirmishes, circumscribed 
military actions, and perhaps a major war, if we 
eventually have to fight one. If this premise is tena- 
ble, and what really competent military man will 
say that it is not, then it seems very clear that the 
Navy must somehow contrive to adjust its present 
fiscal and military resources upon a nautical “bed of 
Procrustes”, in order to maintain its present posture 
of readiness while it develops the many new capa- 
bilities demanded of it. And, tortuous though the 
process may be, it must be carried out with Spartan 
pragmatism, vigor and determination if the Navy 
expects to continue to meet its ever changing and 
expanding responsibilities and imaginatively de- 
velop the additional capabilities needed to fulfil its 
new and increasingly potent role in warfare. For, 
though the application of scientific discoveries to 
naval and land aviation, missilery, and to other 
more exotic weapons systems may be modifying 
certain aspects of naval strategy and tactics, it is 
equally true that these same factors are simultane- 
ously setting off explosive reciprocative demands 
for radical changes and great expansion in several 
areas of the Navy’s offensive, defensive and sup- 
porting capabilities. It is also natural that these 
changes are generating several categories of strik- 
ingly new strategic, tactical and operational con- 
cepts whose logistical implications are as profound 
and far reaching as they are significantly different. 
Though the comparison may appear somewhat 
hyperbolic, Sir Isaac Newton’s third law of motion 
which states: “The action of every force is opposed 
by an equal and opposite reaction”, would seem to 
have considerable relevance to a situation such as 
we now face. For, even though the analogy between 
physics and naval logistics may not be entirely valid, 
it certainly illustrates the point in question. Let any 
reader who has any serious doubts about this thesis, 
try to find an experienced operational commander, 
or for that matter, any informed naval person who 
will deny that every positive increase in naval re- 
sponsibilities and capabilities generates roughly 
equal degrees of logistical reactions. Long, and 
sometimes painful experience has proved that such 
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reactions invariably manifest themselves as de- 
mands for changes and/or increases in the Navy’s 
total available logistical wherewithall, which of 
course, includes several varieties of mobile logistic 
support ships. It is exactly this pattern of action and 
reaction, or if you will, cause and effect, that has 
compelled the Navy to evolve a logistical phenome- 
non which is awesome indeed. In the interest of de- 
scriptive vividity, this logistical turgescence might 
well be called a “nautical nuclear age spread”; a 
“spread” which is fully as vexing to the Navy logis- 
ticians as the dreaded “middle age spread” is frus- 
trating to the overripe bathing beauty with a passion 
for bikinis. For in each case, the clean, streamlined 
profiles that both Navy and bathing beauty so highly 
cherish have been distorted by unsightly and re- 
vealing convexities which are impossible to elimi- 
nate, difficult to conceal, uncomfortable to live with 
and very expensive to maintain. 

Indeed, this growing corpulence of NAVAL logis- 
tics brings to mind the predicament of the vastly 
hefty Bos’n of a cruiser who was on a very strict 
reducing diet. Now the Bos’n’s broadening beam, 
increasing gross displacement and the taut “even 
strain” on all of his uniform buttons, dramatically 
disclosed “table muscle” of formidable proportions 
and completely belied adherence to low calorie 
foods. When repeated weighing-ins confirmed the ob- 
vious, the ship’s medical officer exploded in under- 
standable exasperation: “Dammit, Bos’n, you know 
you are not following the diet I gave you”. “I sure 
as hell am, doctor”, tartly answered the “salty” 
Bos’n, “but eating that ‘diet’ along with my regular 
chow sure keeps me full.” 

Now this yarn, which incidentally is true, high- 
lights the qualitative and quantitative demands 
which are being laid upon the Navy’s already con- 
siderably taxed mobile logistical capabilities. It is 
also quite apparent that this trend, being incidental 
to a steady stream of complex new strategic and 
tactical naval weapons, is adding some very special 
“diets” to the regular “logistical chow” required by 
those conventional battle tested weapons systems, 
which for the time being the Navy must retain in 
its inventory. Add to this, the inevitable logistical 
demands of the rapidly forthcoming sub-surface, 
astronautical, and other weapons systems and the 
magnitude of the mission which confronts those who 
must procure and vector these weapons and their 
material support to the fleets, becomes at once ap- 
parent. A challenging assignment in peace which 
will assuredly become a herculean task in war. 

Although the full impact of newer weapons sys- 
tems and their permutable warfare concepts upon 
naval logistics is somewhat arcane at the moment, 
the planning for naval operations envisioned for the 
proximate future clearly reflects their growing in- 
fluence. And, there is little doubt that the ultimate 
effects of these systems, and their employment con- 
cepts, upon both naval thought and operations will 


be profound and in some cases, perhaps revolution- 
ary. 

At the present time, there is a dichotomy or dual- 
ity in the “impingment sequelae” of new ships and 
weapons. This is more readily discernible in some 
areas than in others. As an example, new weapons 
effects are clearly and often competitively evident 
in the field of scientific research where critical 
shortages of qualified scientific personnel often exist. 
Again, the impact of new weapons is very apparent 
where naval and other military requirements are 
being generated and their final forms and opera- 
tional applications are being developed. New weap- 
ons also exert a powerful influence in those mili- 
tary-economic areas where their allocations are 
made and their quantities ascertained and trans- 
lated into concrete terms and techniques of procure- 
ment. On the other hand, the effects of new ships 
and weapons at the fleet level seem to disclose 
themselves somewhat more slowly, probably be- 
cause they usually reach the operating forces in at- 
tenuated trickles. Despite this logistical illusion 
however, the overall influence of new weapons and 
the support they require, does generate additional 
logistical chores that are readily apparent to the 
mobile replenishment forces of both oceans. These 
forces who must deliver the military wares to ships 
at sea are almost entirely composed of slow, under 
powered ships of World War II vintage which are 
manifestly ill adapted to the job demanded of them. 
Nevertheless, these over age ships, between increas- 
ingly frequent breakdown’s which require long and 
more frequent “in yard” and consequently more 
“off logistic line” time for repairs, continue a valiant 
struggle to adequately support our combatant fleets 
at sea. 

Thus, by permitting the combat capabilities of 
new ships and weapons systems to become tied to 
the questionable mobile resupply capabilities of ob- 
solescent underway replenishment ships, our fleets 
have been forced into an untenable predicament of 
unreadiness that could well be fatal in war. This 
situation is temporarily endurable for only two rea- 
sons; first, because the Navy is presently operating 
under a “doctrinaire” of world peace, risky though 
it be, and secondly, because of the enviable and well 
demonstrated capacity of our seagoing Navy to ex- 
temporize and “make do”. Candidly, the ability of 
our fleets to maintain fighting postures at sea with 
the antiquated underway replenishment forces now 
available, can only be regarded as a highly credita- 
ble exponent of “working” fleet level resourceful- 
ness. For, in fairness to all concerned, there is little 
visible evidence of the existence of any imaginative 
or even orderly system of planning, which attempts 
to coordinate or sychronize new combatant and new 
replenishment ship construction. 

In the absence of an integrated program of new 
mobile support ship construction to keep pace with 
the requirements of our evolutionary fleets and 
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weapons systems, and the lack of a consistent sched- 
ule for a “phased” modernization of the old mobile 
logistical “workhorses” still in the inventory, it is 
not surprising that many dedicated and militarily 
competent Naval officers, of both line and staff, are 
showing trepidation over the torpid pace at which 
this critically needed improvement in the Navy’s 
mobile logistic support capabilities is proceeding. 
For, it is apparent even to the tyro, that our operat- 
ing fleets urgently require and must soon have, sev- 
eral categories of new support ships that have been 
redesigned from keel to truck, to meet the tactical 
requirements and fulfil the logistical demands of a 
modern fleet at sea. 

Solutions to naval problems, as to the ordinary 
problems of men, are usually found, whenever they 
are found, by asking the right questions. So to eval- 
uate the Navy’s mobile logistic support needs we 
begin by asking three broadly inclusive questions. 
The first: what comprises the irreducible minimum 
of military imperatives which a fleet at sea requires 
to keep it operational? Secondly; what physical 
characteristics must a ship possess to transport these 
imperatives effectively? And, thirdly; how can an 
uninterrupted supply of these items to the fleet at 
sea best be maintained? 

Though admittedly greatly over simplified, the 
answers to these questions can be short and concise. 
Beginning now, the Navy must develop and include 
in its ship construction programs some type of “one 
stop” replenishment ship that is commodious and of 
such special external design and internal arrange- 
ment as to permit the transportation of a balanced 
assortment of basic naval imperatives required in 
combat operations: food, fuel, weapons and ammu- 
nition. These ships must have sufficient power to 
enable them to operate all pumps and transfer ma- 
chinery to move supplies at maximum speed and 
capacity, and still steam at the high speeds neces- 
sary to close, replenish and make speedy break- 
aways from the combatant ships, in various de- 
fensive “atomic” formations, to reduce tactical ship 
concentrations to the shortest possible time. And 
finally, these ships must be of such rugged construc- 
tion that in addition to design, capacity and speedy 
mobility, they will possess durability, all weather 
seakeeping qualities, and the high A-B-C warfare 
“survival expectancy” which all modern mobile re- 
plenishment ships must have to effectively carry out 
their missions. This means that these vessels must 
also have suitable hull configurations and topside 
architectural arrangements and equipment to give 
them a helicopter/dirigible landing and take off cap- 
ability which will permit the use of “vertical re- 
plenishment” when necessary. 

Fortunately, the considerable degree of disuetude 
into which mobile replenishment ship development 
has fallen at last has attracted serious attention and 
some slow but unmistakable steps are being taken 
to equate the design and other characteristics of 
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these ships with the stringent logistical demands of 
modern fleets. It is also hearteningly apparent that 
some very significant progress has been made in 
other aspects of the mobile logistics field, especially 
in the techniques of computing resupply require- 
ments and in the areas concerned with underway 
replenishment. The magnitude of these accomplish- 
ments becomes very apparent when a comparative 
review is made of former concepts and the almost 
nonexistent mobile replenishment capabilities of 
supply ships of yesteryear, which were then known 
as ships of the “train”. 

Indeed, we find in historical retrospect, that for 
many years our fleets conducted replenishment op- 
erations the easy way. Then, replenishment systems 
were both static and ingenuous and consisted of 
ships merely going alongside a dock or, if suitable 
dockage was not available, having supplies barged 
out to them while lying in the stream. And, it was 
during these militarily relaxed and politically un- 
contentious days, that the Navy’s views on most 
phases of mobile fleet support, with the possible ex- 
ception of bunker oil, became solidly congealed 
around the logistically seductive but militarily haz- 
ardous idea that it could maintain and distribute its 
strategic and tactical logistical wherewithall in and 
through, continental naval supply depots. It was also 
fatuously assumed that ships deployed in foreign 
waters could freely obtain the necessary logistical 
support from the naval bases of allies or friendly 
foreign nations. This, a strictly peacetime idea, flour- 
ished because though not always completely suita- 
ble or feasible, most fleet operations could usually 
be planned so that the forces engaged could retire 
to our own coastal depots for replenishment when- 
ever urgent necessity demanded. However, because 
of its obvious strategic, tactical and logistical unac- 
ceptability, such a system was predestined to fail, 
especially under the inevitable stresses of war. First, 
because it “chained” even the “longest legged” ele- 
ments of our fleets to our own beaches. And sec- 
ondly, because this arrangement also had the most 
undesirable practical effect of placing our naval 
strategy and fleet operational competence into what 
actually amounted to “logistic bondage”. First, by 
leaving the total resupply capabilities of our fleets 
in shore bases and secondly, by allowing United 
States fleet operations to be placed in triple jeop- 
ardy, by subjecting its vital logistical support to the 
munificence and the political and the economic 
whims of friendly neutrals. Obviously such a mili- 
tary situation was fraught with the gravest dangers 
and invited the consequences which the rapidly on- 
coming events of World War I soon caused to ma- 
terialize. 

It is difficult indeed, for anyone versed in even 
the most elementary military philosophy to under- 
stand how this anomaly, which vitiated some of the 
most basic principles of naval strategy and com- 
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mand, could have persisted almost until World War 
II, especially in the light of the Navy’s considerable 
first hand experience with the logistical vagaries 
and shortcomings of just such arrangements in 
World War I. 


The official accounts of World War I and the many 
stories which the writer has heard first hand from 
United States Naval officers, who served in ships 
which operated in European waters, all attest to 
the fact that the quality of logistical support which 
our ships received from our allies’ bases was at best, 
usually only barely acceptable. As a matter of fact, 
these arrangements left so much to be desired, both 
operationally and logistically, that the Navy was 
eventually forced to set up its own supply bases in 
France and in the United Kingdom in order to 
maintain our ships in European waters at opera- 
tional efficiency. 

Any contemplation of the foregoing experiences 
will surely impel the logistically perceptive Naval 
officer to invoke the spirit of Otto Edward Leopold 
von Bismark, the Prussian man of “blood and iron,” 


' who is alleged to have once voiced the pontifical but 


thought provoking philosophy that: “Fools say that 
they learn by experience; I prefer to profit by oth- 
ers’ experience.” 

From the standpoint of progressive and enlight- 
ened self interest, the Navy could well have applied 
Bismark’s philosophy to the development of a sys- 
tem of mobile replenishment and profited most 
handsomely, by its own, and by “others experience” 
as well. It would also be reassuring indeed, if the 
Navy, ever mindful of the frustrating logistical ex- 
periences of 1918, had promptly and completely 
abandoned the static philosophy of shore based sup- 
port. Regrettably however, such was not the case 
and unlike Bismark, who learned from “others’ ex- 
perience,” the Navy neither learned by its own nor 
by others’ experience. Actually, relinquishment of 
this concept of shore based support was slow, halt- 
ing and painful, and was almost exclusively due to 
the efforts of a few dedicated and farsighted Naval 
officers of wide practical experience. These men, 
ever mindful of the lessons learned in 1917-18, la- 
bored unremittingly to bring naval logistics into 
proper military perspective and into its rightful 
place within the Naval Establishment. They realized 
the great importance of establishing and refining 
sound tactical underway replenishment techniques, 
and the necessity of having logistics incorporated as 
an entity, into the broad philosophy of naval think- 
ing. They also realized that to be really effective 
underway replenishment must be established as a 
normal standard operating procedure. 

In spite of these efforts however, the Navy’s atti- 
tude toward developing an effective mobile replen- 
ishment system was for many years far more ac- 
curately portrayed by an unknown, and obviously 
frustrated champion of military progress. This man 
observed, with caustic but enviable perspicacity, 


that: “It takes a whole generation to get a new and 
intelligent concept accepted into military thinking 
and about two generations to get an obsolete, un- 
workable, or stupid concept thrown out.” And, as a 
matter of fact, it did require just about one genera- 
tion of Naval officers, plus the many logistical vicis- 
situdes which the far flung naval operations of 
World War II brought to light, to develop and bring 
to general acceptance, a system of mobile support 
which, by employing the advanced base/floating 
base/mobile replenishment force concept, was re- 
sponsive to the needs of the fleets. And, it actually 
took almost two full generations for the Navy to di- 
vest itself of the idea that shore bases alone were 
either a suitable or acceptable medium for provid- 
ing primary logistical support to operating fleets, 
especially in time of war. In fact, in these present 
days of economy by decree, one has considerable 
reason to wonder if this concept is really dead or, 
heaven forbid, only sleeping. 


During the nearly two generations it took the 
Navy to divest itself of this militarily unworkable 
shore support concept, an old, and much over-used 
cliché, “you can’t take it with you” pretty accu- 
rately epitomized the Navy’s philosophy of fleet sup- 
port and until World War II was fully under way 
remained a dominant theme in its concept of opera- 
tional resupply. Then, as far distant and rapidly 
mushrooming Pacific campaigns demanded greater 
quantities and wider varieties of weapons, supplies 
and equipment than this antiquated system could 
provide, it became mandatory that newer, radically 
different and more responsive logistical concepts be 
devised and implemented to support the fluid and 
fast moving naval and island hopping amphibious 
operations which played such vital roles in winning 
that conflict. 

It was at this critical point that the highly suc- 
cessful advanced base/floating advanced base con- 
cept of logistical operations was born, rapidly ma- 
tured and forced the complete abandonment of the 
old familiar, but now outmoded logistical shibboleth, 
“you can’t take it with you.” This notion was re- 
pudiated, jettisoned, and to the great relief of all 
proper logisticians, supplanted almost overnight, by 
a radically different but highly practical idea that 
met with instantaneous success. This new idea, “you 
must keep it (logistic support) near you,” was in- 
deed a revolutionary postulation and perhaps the 
most significant naval logistical milestone in more 
than a generation. Yet, in spite of the strategic and 
tactical operational bonanza which this advanced 
base/floating base idea provided, it was still very 
apparent that an even more dynamic element was 
urgently needed to give this newer system of logisti- 
cal support an even greater and more sensitive de- 
gree of responsiveness to the operational require- 
ments which the ever widening operations of the 
Pacific war demanded. For in spite of all the ad- 
vantages of the advanced/floating base, it was pain- 
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fully evident that the overriding desiderata of speed, 
range and freedom of action could never be wholly 
achieved unless a suitable vehicle could be found to 
replenish combatant ships while both combatant and 
replenishment units steamed fast enough to insure 
a reasonable degree of protection against air and 
submarine attacks. 

To no one’s surprise this “suitable” vehicle proved 
to be a collection of the faster ships of Service 
Squadron Six, and the first really successful prac- 
tical application of an “en masse” underway trans- 
fer of a wide spectrum of logistical items actually 
commenced when ships of that squadron were em- 
ployed for that purpose. This occurred late in 1944, 
in response to ineludable demands of the Third 
and Fifth Fleets that the military imperatives, 
which they required to sustain their prolonged com- 
bat operations, be delivered to them at sea often 
within visual range of combat operations. For, by 
this time, the tempo of the Pacific war had reached 
such a crescendo that naval forces committed in 
combat situations could not break off critical fast 
moving tactical offensives or abandon hard won 
strategic advantages to steam to distant bases for 
replenishment. Also ordinary military prudence 
forbade them conducting their complex and often 
lengthy replenishment operations at bases and/or 
anchorages that were recurrently susceptible to en- 
emy air and submarine attacks of violently mount- 
ing intensity. 

When the chips are really laid on the line, great 
naval fleets, like the individuals which comprise 
them, do whatever they must to win or survive, so 
to meet this crisis, several types of the faster ships 
of Service Squadron Six were organized into a mo- 
bile logistic support group. This group, operating as 
an organic element of the combatant task force to 
which it was assigned, began shuttling supplies be- 
tween the ships and floating base facilities of Serv- 
ice Squadron Ten, and the ranging predatory, Jap 
hunting task forces of the Third and Fifth 
Fleets. Thus, from a historical standpoint, it appears 
that the feasibility of resupplying major combatant 
forces at sea with the required military imperatives 
for extended operations was first conclusively dem- 
onstrated by Service Squadron Six. If this is cor- 
rect, then Service Squadron Six could certainly be 
considered a proximate ancestor, if not the actual 
sire, of the present sophisticated concepts of mobile 
replenishment. Regardless of the correctness of this 
assumption however, it cannot be denied that the 
expansion and refinement of many of the early re- 
plenishment techniques developed by this squadron 
has greatly enhanced fleet operational durability and 
flexibility. It has also provided a degree of offen- 
sive/defensive freedom of action hitherto completely 
unknown to naval commanders and formed the ba- 
sis of today’s highly effective mobile replenishment 
operations at sea. 

Indeed such distinguished naval commanders as 
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Admirals R. A. Spruance, R. B. Carney, C. R. (Cat) 
Brown, Vice Admiral J. L. Hall and others of rec- 
ognized military stature and experience, have often 
stated to the writer that nothing within their memo- 
ries has so profoundly influenced and improved the 
combat radii and flexible durability of our fleets as 
the creation of mobile replenishment forces which 
were capable of transporting a continuous stream 
of logistic support from bases well inside the periph- 
ery of strategic fleet operations, to naval forces in- 
volved in tactical combat situations. 

Today however, even greater and certainly more 
explosive changes have occured in the Navy’s op- 
erational concepts. These changes have been con- 
sensual with the unusual developments and scien- 
tific breakthroughs in certain families of naval 
weapons. Improved vectoring systems have given 
these weapons tremendous ranges with uncanny 
terminal accuracies, while uniqueness of applica- 
tion coupled with vastly increased lethality have 
endowed certain of them with ranges of destructive 
capabilities which almost overpower human credul- 
ity. They have also generated some stringent re- 
quirements for resupply mobility which, much to our 
peril, are obviously not yet fully recognized. Under 
these circumstances, the more remote and sophisti- 
cated strategic logistical and psychological implica- 
tions of these weapons systems may be expected to 
elude all but the highly informed for some time to 
come. Also in this connection, it is of the utmost 
consequence that not only the whole Navy, but the 
entire nation realize that contrary to some current 
opinions we are at this moment in the midst of the 
nuclear warfare age with all its attendant dangers 
and threats to our survival. 

Because there is an infrangible relationship be- 
tween naval mobility and the inexorable factors of 
time, distance and space, a complete understanding 
of this and the judicious application of time and 
space has become a most vital equation in “de- 
fensive” survival. And since powerful and perhaps 
decisive primary offensive and/or retaliatory mili- 
tary reactions must now be almost instantaneous, 
it would seem almost impossible to overstate the 
utter necessity for providing swift, reliable, and 
durable mobile replenishment for forces at sea. And, 
in addition to the conventional “linear” or surface 
ship replenishment now provided, mobile replenish- 
ment must eventually embody sound “vertical” re- 
supply capabilities based upon the employment of 
plane and helicopter. Very serious research effort 
must also be devoted to developing capabilities in 
the as yet unexploited area of subsurface mobile 
logistic support systems, which the writer believes 
has useful possibilities. 

On the other hand, the urgent demands for fleet 
resupply mobility cannot be ascribed solely to these 
purely military factors. There are other sinister and 
little understood influences which are both com- 
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pelling and profound. Just consider for a moment 
the impact of such factors as vascillating allegi- 
ances, the ever shifting arrangements in interna- 
tional politico-military geography and, the powerful 
and confusing effects of “quid pro quo,” in interna- 
tional politico-economics. A deterioration in any one 
or any combination of these factors may call for fast 
and remote deployment of self sustaining naval 
forces to reinforce cold war commitments or bolster 
limited war capabilities. 

Now contradictory though it may seem, the im- 
pact of this aggregate of factors could well serve a 
highly useful purpose. For, if it can succeed in 
rudely thrusting upon our national consciousness a 
compelling realization of the need to equate, with 
swift and devout realism, our military and economic 
defense postures with the tragic, mass destructive 
inevitabilities of any general war, it may insure our 
survival. Sir Winston Churchill has very neatly de- 
lineated the present situation with one of his in- 
imitably supple euphemisms: “it is the balance of 
terror rather than the balance of power that now 
deters war” and it has been repeatedly pointed out 
by many able military men that the destructive 
capabilities of certain new weapons systems now 
transcend many of the classical and time honored 
concepts of strategy and tactics. It is perhaps re- 
dundant to add that this dangerously volatile situa- 
tion has also already forced changes in many of the 
basic naval warfare concepts so long held to be in- 
violate. 

It is generally conceded by the well informed that 
exploratory excursions into the philosophy of mili- 
tary causes and effects can be of great value in 
estimating a nation’s logistical capabilities. There- 
fore, if we are to understand the significance of the 
current transitions in naval concepts, weapons and 
operations, and accurately identify and assess the 
pressures which these factors exert upon naval 
logistics, it is necessary to consider the historical 
relationships of naval power to our traditional con- 
cept of national defense. 

Like any nation with a maritime orientation, the 
security and economic well being of the United 
States is dependent upon the ability to exercise a 
decisive degree of control over her sea approaches 
and external sea lines of communication. Histori- 
cally, it has been necessary for her to maintain the 
greatest vigilance at all times over these lines of 
communication, in order that her contacts with 
world commerce and her military allies might re- 
main inviolate. This is the posture that the present 
international strategic situation even more strongly 
demands. 

For many years, one of the dominant cornerstones 
in the United States’ concept of insular security and 
national defense was the unquestioned ability to 
command the great oceans that wash our shores 
with mighty fleet concentrations. This idea, though 
not yet entirely abandoned, has undergone a num- 


ber of subtle, but very definite changes. Today, our 
concept of “command of the seas” is an almost total 
recantation of the centripetal thesis of fleet opera- 
tions that was, for such a long time, held in the 
highest esteem by many generations of able naval 
tacticians. Instead, the fleet doctrine for “command 
of the seas” as currently practiced, has inherent in 
it a very strong centrifugal connotation which im- 
plies and indeed demands, the constant availability 
of a delicately balanced assortment of both the new 
and the older types of conventional naval forces. 
Such forces must be capable of engaging in offensive 
operations against the enemy far from our shores 
while at the same time, providing maximum protec- 
tion to continental United States. This is a tremen- 
dous task. To be effective, these forces, comprising 
carefully selected categories of ships, aircraft and 
weapons systems must be judiciously blended, stra- 
tegically dispersed and poised in a constantly 
“cocked” position, from which they can instantly 
react to any requirement for naval pressure that can 
be foreseen. And, unless drastic changes occur in 
the present communist attitudes, there will continue 
to be recurrent demands for naval pressure in “cold 
war” perturbation situations, in “limited war” coun- 
termoves, as a general war deterrent, or, heaven- 
forbid, as an elusive and highly destructive strategic 
and tactical naval offensive spearhead in open hos- 
tilities. 

While quiescent, the ideal compaction of naval 
capabilities just described, though admittedly pos- 
sessing great deterrent powers is, in reality, sea- 
power only in a static sense. However, when unen- 
durably provocative or unmistakably hostile ges- 
tures by an adversary, impels them into a reactive 
state of irreversible offensive hypercriticality, all 
the latent elements of naval strength which naval 
capabilities comprise, spontaneously congeal into 
substantive tactical designs of operational naval 
forces. And when these forces are employed 
with boldness that is based upon sound strategy and 
well conceived logistic support, we then see living 
seapower in its most ideal form. 

From the Fleet Commander’s viewpoint however, 
such ideal seapower is only a potential fighting force 
until the kinetics of war fuses it into tangible and 
usable patterns of steaming ships, flying aircraft, 
launched weapons, and land and sea bases, all in- 
divisibly joined together by a tough and elastic 
chain of logistic support. This logistic chain which 
carries the life blood of all naval operations, great 
and small, must have these qualities: it must be so 
sensitive to strategic and tactical operational fore- 
casts as to be capable of reflex response to all nor- 
mal and most special fleet requirements. It must 
have built into it, a system of emergency logistic 
“surge tanks,” together with a swift, durable and 
reliable underway replenishment capability. This 
mobile replenishment capability must be so rugged 
that it will be extremely difficult, if not virtually 
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impossible, for either the enemy or the elements to 
interdict it. This latter characteristic, rugged and 
reliable replenishment mobility is probably the one 
element that most vitally concerns the men of the 
combatant and replenishment forces, for the former 
are the ultimate users of naval hardware in combat 
and the latter must deliver the hardware to them 
often under actual combat conditions. 

Thus, at this point in our involved and complex 
international position, the essence of naval power 
appears to rest in the ability of carefully pre-se- 
lected, properly blended, well balanced, and strate- 
gically dispersed task forces to very quickly win, 
and then tenaciously retain, not necessarily “total 
dominance at sea,” as Mahan once postulated, but a 
“fluid” dominance which is at once strong enough, 
elastic enough, and above all, durable enough, to 
meet and frustrate any hostile counterforce, on, 
over, or under the sea. It is also an axiomatic corol- 
lary that such naval power must also possess the 
inherent capability of denying to the enemy the 
profitable use of any strategic segment of “sea 
lifelines,” which might be vital to him and/or his 
satellites. For, Admiral Mahan’s venerable dictum: 
“Seapower is the control of sea communications” is 
as true today as when he first enunciated it. 

Although a certain degree of preoccupation with 
the development and construction of newer more 
militarily glamorous combatant ships is to be ex- 
pected, the Navy will be well advised to constantly 
remind those responsible for its ship construction 
programs that unglamorous and prosaic though 
they may seem, when the shooting starts it is the 
mobile replenishment ships that keep the fighting 
fleet combat operational. Thus, if U. S. Naval power 
is to remain effective, the development and con- 
struction of mobile replenishment ship types must 
keep pace with that of the combatant ships which 
they must support, for after all, fleet mobility is 
merely a direct exponent of the combined low level 
distributive capabilities of the replenishment units, 
and this is of transcendental importance to fleet 
commanders. 

Looking backward over the years, one finds that 
the richly colorful fabric of our Navy tradition has 
been recurrently embellished by many famous fight- 
ing mottos and patriotic admonitions which have in- 
spired almost countless generations of Naval officers 
and men to acts of supreme heroism, gallantry and 
distinction: James Lawrence, dying in the Chesa- 
peake, uttered his deathless words, “Don’t give up 
the ship.” Oliver Hazard Perry from the deck of the 
Commodore Chauncey, and using the top of his cap 
as a desk, dispatched the famous message: “We 
have met the enemy and they are ours”; and John 
Paul Jones, with his Bon Homme Richard sinking 
beneath him, daunted HMS Serapis, and emblaz- 
oned on the shield of our Naval heritage his flaming 
battle cry, “I have not yet begun to fight.” 

And now confronted by new strategies, new tac- 
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tics and new weapons with which new wars must 
be fought, circumstances have forced the Navy to 
coin another slogan to add to this distinguished list, 
albeit prosaic and pale by comparison. This simple 
slogan, “you must take it with you” was logistically 
inspired. Banal, and certainly not eligible for a place 
among the “phrases of fame,” it nonetheless should 
speak with prophetic eloquence to all naval plan- 
ners and operators, present and future, who can un- 
derstand the dimensions of the new and rapidly 
changing roles of Naval power and the ever broad- 
ening scope of the logistical support which such 
naval power requires. 

Now admittedly, the admonition, “you must take 
it with you” is not a soul stirring fighting dictum. 
Yet in the light of current military trends, these 
six short words may indeed be destined to become 
the logistical battle cry and mobile replenishment 
“Bon Mots” of atomic fleets now abuilding. 

To this writer, the entire concept of what proper 
modern mobile fleet support should, and will likely 
have to be, in this age of bizzare and superlative 
weaponry is well expressed by a silly ditty which 
was sung in certain of the more earthy bistros dur- 
ing the mid nineteen-twenties. The title of this not 
so melodious song, “BROTHER BRING IT WITH 
YOU WHEN YOU COME” discloses some very ba- 
sic, very modern and impeccable logistic advice and, 
if one adds to ‘BROTHER, BRING IT WHEN YOU 
COME” the phrase, “AND KEEP IT WITH YOU 
WHILE YOU’RE THERE,” we have the very epi- 
tome of an ideal system of mobile fleet support. Un- 
questionably such a utopian state in naval logistical 
affairs will be a difficult, if not impossible goal to 
fully achieve, but surely its attainment, as an imple- 
ment of naval offense as well as a device for fleet 
survival, is a worthy objective and deserves the best 
efforts of naval constructors, and the intense inter- 
est and support of the civilian officials, and the naval 
strategists, planners and logisticians who bear re- 
sponsibility for this country’s survival and welfare. 

In lieu of a point by point summary the writer 
would like to sum up the message which “Different 
Ships—Different Long Splices” has tried to bring 
to the reader, with the following bit of doggerel: 


Now we advocate construction, 
of combat ships and guns. 

Planes and missiles whose destruction, 
ranges into megatons. 


The fighting ships must rugged be, 
have speed and can travel far. 
Be made to evade an atomic blast, 

in a general or limited war. 


But for ships of the “train” we plead in vain, 
whose speeds and designs as well. 

Permit them to maintain the logistic chain, 
without getting blown to hell. 
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THE BUCKLING OF THIN SHELLS 
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ie IMPORTANCE of the field of shell analysis is 
evidenced by the fact that in August, 1959, the In- 
ternational Union of Theoretical and Applied Me- 
chanics conducted a symposium on the theory of 
thin elastic shells in Delft, Holland. This special 
meeting was attended by approximately 65 scientists 
in this field from 14 countries. This symposium in- 
dicated that considerable interest currently exists in 
such relatively new topics as the buckling of bi- 
metallic shells, pressurized shells, creep buckling, 
and dynamic buckling, as well as in the more tradi- 
tional problems involving isotropic shells of various 
geometries. 


SINGLE-LAYERED ISOTROPIC SHELLS 


The use of nonlinear theory has become rather 
widely accepted as a plausible basis for analytical 
predictions of elastic buckling strengths of thin 
shells of various geometries. The basic concepts of 
finite-deflection analysis due to Donnell’ have been 
employed by numerous investigators to establish 
collapse loads of cylindrical shells subject to various 
loadings. Analyses in good agreement with tests on 
axially compressed cylinders have been presented 
by Donnell and Wan? and also Kempner.’ The for- 
mer treatment includes a specific consideration of 
initial imperfections and illustrates the great sensi- 
tivity of the compressed cylinder to initial defects. 
The possibility of a second equilibrium configura- 


tion in the post-buckled region has been observed 
by Thielemann.‘ This configuration differs consider- 
ably from the load-deflection relations presented in 
(3), terminating abruptly without merging with the 
usual solution. 

The collapse loads of cylindrical shells subject to 
torsion have been investigated by Loo® and Krivo- 
sheev.® The results of these finite-deflection studies 
are in good agreement with experimental evidence 
and illustrate that a cylinder in torsion is not as 
sensitive to initial imperfections as the same shell 
when loaded in axial compression. 

The problem of the hydrostatically loaded cylin- 
der has been treated by Kempner and Crouzet- 
Pascal’ and also by Donnell® on the basis of finite 
deflections. In the latter work it is shown that, if 
reasonable imperfections are assumed, failure loads 
initiated by yielding are found to be of the same or- 
der as those indicated by experiments carried out 
at the David Taylor Model Basin. The sensitivity of 
a hydrostatically loaded cylinder to initial imperfec- 
tions is intermediate to the cases of torsion and axial 
compression. Extensive tables for the predictions of 
the Euler critical load (infinitesimal theory), the 
Tsien critical load (elastic snap-through theory), 
and the postbuckling behavior of a hydrostatically 
loaded cylinder have been prepared by Langhaar 
and Boresi.® These tables indicate certain discrepan- 
cies between the classical von Mises theory’ and 
the infinitesimal-deflection theory resulting as a 
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special case of (9). These deviations are greatest for 
short thick shells. For long slender shells the Euler 
buckling coefficient is shown to be only slightly 
higher than the Tsien coefficient, but for very small 
length-radius ratios the Euler coefficient can exceed 
the Tsien value by as much as 35 percent. 

Finite-deflection analysis has also been successful 
in offering realistic predictions of the elastic buck- 
ling loads of shallow spherical caps subject to uni- 
formly distributed external pressure. Kaplan and 
Fung" have presented a perturbation solution to the 
nonlinear equations that agrees quite well with re- 
sults of their experiments for very shallow clamped- 
edge shells. Later, Archer’? extended these results 
for a greater range of shells. This problem has also 
been successfully attacked by power-series tech- 
niques in conjunction with extensive use of digital 
computing facilities by Reiss, Greenberg, and Kel- 
ler.* This approach yields excellent values of the 
initial buckling load for a wide range of values of 
the shell parameters. A simplified approach based 
upon solutions to two linearized versions of the 
original nonlinear problem was later presented by 
Reiss." 

These analyses of the buckling of the shallow 
spherical cap are limited to the case of axisymmetric 
deformations. The case of axisymmetrical buckling of 
such a shell has been considered recently by Grigo- 
liuk,’* who demonstrates the possibility of such ac- 
tion for certain geometric parameters. The nonlinear 
equations are solved approximately by Galerkin’s 
procedure. 

The buckling of an initially imperfect complete 
spherical shell subject to external pressure has been 
investigated by Donnell'® with the aid of large-de- 
flection theory. This study indicates that the sphere 
is relatively insensitive to initial defects. A semiem- 
pirical analysis of the buckling of a shallow spheri- 
cal shell subjected to a concentrically applied ring- 
type load acting normal to the surface has been 
presented by Chien and Hu," and the buckling of 
this same shell loaded by a single centrally located 
concentrated force has been analyzed recently by 
Ashwell.'* 

Thus, finite-deflection studies are available for 
cylindrical and spherical shells subject to a variety 
of loadings and boundary conditions. In all cases the 
predictions of these theories are in better agreement 
with experimental evidence than those of the classi- 
cal investigations based upon infinitesimal deforma- 
tions. Unfortunately, the finite-deflection analysis of 
a thin conical shell has not yet been carried out. 
The buckling loads corresponding to uniform exter- 
nal pressure and axial compression respectively 
have been determined on the basis of infinitesimal- 
deformation theory by Taylor’® and Hoff and 
Singer®® for the former case and by Seide*' for the 
latter. Axial compression accompanied by external 
pressure has been investigated by Mushtari and 
Sachenkov”? with the same theory. 
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Few experiments pertaining to the buckling char- 
acteristics of either complete cones or frustums of 
cones have been reported. A comprehensive series 
of tests has been carried out by Jordan”* on com- 
plete aluminum-alloy cones. As a result of these 
tests an empirical formula is presented which is 
probably adequate for many design purposes. 


SHELLS WITH INTERNAL PRESSURE 


Analytical studies have indicated that the effect 
of uniform internal pressure on the buckling of an 
axially compressed thin-walled cylindrical shell de- 
pends on the dimensionless parameter p= (p/E) 
(R/t)? where p denotes the internal pressure, E rep- 
resents Young’s modulus, R is the radius of the cyl- 
inder, and t the shell thickness. Finite-deflection 
analysis indicates that the critical buckling stress 
should increase from a value of o,,=0.376 for p=0 
to a value of o.-=0.606 at p=0.169, after which the 
buckling stress remains constant and equal to the 
classical value given by small-deflection theory. 
Tests conducted by Fung and Sechler** on alumi- 
num-alloy cylinders indicate buckling stresses o:; 
much lower than the values predicted by this type 
of analysis, although the general trend of variation 
of o., with pressure agrees with that predicted by 
theory. However, if the increment of o.,, ie. Agcr= 
Where is the value of at zero pres- 


sure, be plotted against p, then test results agree 
quite well with theory. These tests are due to Har- 
ris, Suer, Skene, and Benjamin” as well as Fung 
and Sechler.?* An extension of the nonlinear analy- 
sis to the case of orthotropic shells has been pre- 
sented recently by Schnell.”° 


STIFFENED SHELLS 


One of the problems of greatest practical interest 
is that of the collapse of a reinforced shell when 
both the shell and stiffeners collapse simultaneously, 
in what is termed a general instability failure. The 
case of a ring-stiffened cylindrical shell subject to 
external hydrostatic pressure has been considered 
by Salerno and Levine,”’ Alfutov,?® and Kendrick” 
on the basis of infinitesimal-deflection theory. The 
predictions of the latter analysis deviate at most by 
20 percent from carefully conducted tests carried 
out at the David Taylor Model Basin. However, it 
should be observed that the boundary conditions 
employed in?’ do not agree with those existing in 
the test specimens. When classical theory is ex- 
tended to the boundary conditions existing in the 
models, it is found that such a theory overestimates 
buckling pressures by as much as 70 percent of the 
experimental values. To date no analysis based upon 
finite-deflection theory has been carried out. 

The general instability of a ring-stiffened cylindri- 
cal shell subject to axial compression has been in- 
vestigated with the aid of plastic models by Mc- 
Coy.* It is interesting to note that these experi- 
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ments indicate that the torsional stiffness of the 
rings is the most important parameter for stiffening 
the cylinder. Infinitesimal-deflection theory has been 
employed to investigate the buckling of an axially 
compressed cylindrical shell reinforced with equally 
spaced, identical stringers,** and the results of such 
an analysis are in reasonable agreement with ex- 
periments conducted by Ponsford* on shells having 
radius-thickness ratios less than 335. The analytical 
results indicate that for certain geometries the pres- 
ence of stiffeners does not increase the buckling 
stress over that of an unstiffened cylinder. 

A comprehensive series of tests on nonshallow 
spherical caps reinforced by radial and ring-type 
stiffeners and loaded by uniform normal pressure 
has been carried out by Kloppel and Jungbluth.** 
Ebner** has presented a small-deflection analysis 
which explains the behavior of those specimens that 
buckled into an axisymmetric pattern. However, a 
number of the models deformed unsymmetrically 
with the buckle forming at the boundary. 


THERMAL EFFECTS 


Recent developments have made it possible to 
predict the peak temperature to which a cylindrical 
shell may be subjected prior to thermal buckling 
when the temperature varies only in the circum- 
ferential direction. An analysis by Lu® has indi- 
cated the importance of the circumferential temper- 
ature gradient and demonstrates that maximum 
temperature alone is not the sole criterion for ther- 
mal buckling. This analysis is based upon an ex- 
tension of Donnell’s linear eighth-order equation, 
which is then solved by Galerkin’s method. Lu con- 
ducted a series of tests on brass shells subject to a 
circumferential temperature change and found that 
the results of these experiments agree closely with 
the analysis for shells having radius-thickness ra- 
tios in excess of 500. A variation of this analysis, 
leading to approximately the same results, has been 
presented by Abir and Nardo.** Later, Abir and 
others*’ considered thermal buckling of both stif- 
fened and unstiffened conical shells. The reinforced 
cones were heated uniformly, and their buckling 
time was found to be greater than that predicted by 
infinitesimal-deflection theory. It was demonstrated 
that there is little possibility of thermal buckling of 
an unreinforced conical shell heated axisymmetri- 
cally with a variation of heat input in the axial di- 
rection. 

One of the more significant problems associated 
with thermal effects in structures is that of creep 
buckling. Because of mathematical difficulties as- 
sociated with the analysis of a bending resistant 
isotropic shell it has been possible to date to investi- 
gate only a sandwich-type shell with the concentric 
cylindrical shells supporting the normal loads and 
the annular core supporting the shear loads. If a 
cubic creep law is assumed, it is possible to develop 
an equation for the time behavior of the shape of 


the cross section of a long cylindrical shell under 
uniform external radial pressure. Hoff, Jahsman, 
and Nachbar* have obtained an explicit solution for 
the collapse time versus initial amplitude for this 
case. A treatment by Sundstrom*® permits a con- 
sideration of axial forces in addition to the radial 
pressure, but the solution is obtained only in im- 
plicit form. The concept of sandwich shell together 
with a biaxial creep law has recently been used by 
French and Patel*® to determine axisymmetric creep 
buckling characteristics of a cylindrical shell sub- 
ject to axial compression. Tests conducted by Math- 
auser and Berkovits*: have led to a semiempirical 
procedure for analysis of creep buckling of cylindri- 
cal shells loaded in pure bending. 


DYNAMICALLY LOADED SHELLS 


The problem of buckling of shells subject to dy- 
namic loading has come under consideration only in 
the past few years. A series of unstiffened alumi- 
num shells has been dynamically collapsed by the 
axial impact of a high velocity mass‘? to indicate a 
mode of buckling failure somewhat different from 
that of the static case. In this series the failure mode 
is the same diamond pattern found in static tests, 
but it develops uniformly over the entire shell. The 
wavelengths of these patterns decrease with increas- 
ing impact velocity. It is interesting to note that the 
energy absorbed in the dynamic buckling case is 
greater than that absorbed in slow, static tests. 

The first analytical investigations of the dynamic 
stability of both cylindrical and spherical shells are 
due to Bolotin.** The problems of a cylindrical shell 
subject to axial compression as well as radial pres- 
sure, and also a spherical shell subject to uniform 
radial presure, were investigated on the basis of in- 
finitesimal-deflection theory. More recently Aga- 
mirov and Vol’mir** have extended the treatment 
of the former problem to include finite-deflection ef- 
fects. The dynamic stability of a shallow cylindrical 
panel subject to axial compression has also been 
analyzed on the basis of nonlinear theory by 
Vol’mir.** Insufficient experimental data are availa- 
ble to establish completely the validity of any of 
these theories. 


MULTILAYERED SHELLS 


Analogous to the buckling of dynamically loaded 
shells, the problem of elastic instability of laminated 
shells has attracted attention only very recently. To 
date existing theories have been limited to the 
analysis of two-layered shells wherein the thickness 
of each layer is constant and it is assumed that the 
surfaces at the bond cannot slide against one an- 
other. 

The first treatments of buckling of two-layered 
cylindrical and conical shells loaded by uniform ex- 
ternal pressure are due to Grigoliuk,***? who em- 
ploys finite-deflection theory to obtain buckling 
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loads of these shells. These studies consider the 
bonding surface as the reference surface. A revision 
of these analyses, in which the reference surface is 
determined by setting the first moment of the 
Young’s moduli equal to zero, has been offered by 
Radkowski,***® who uses the Rayleigh-Ritz method 
in conjunction with classical theory to obtain esti- 
mates of the buckling loads. Unfortunately, no ex- 
perimental results are available for multilayer 
shells. 


SANDWICH SHELLS 


In the case of homogeneous isotropic cylinders it 
is well known that classical linear theory yields 
buckling loads much higher than those observed in 
experiments. However, for the case of circular sand- 
wich cylinders with shear weak cores linear theory 
predicts buckling loads quite accurately. Wang and 
de Santo” have investigated the buckling of such 
sandwich cylinders under axial compression, tor- 
sion, bending, and combined loads on the basis of 
an extension of Donnell’s eighth-order small-deflec- 
tion equation. The equation is readily solved by 
Galerkin’s method for these cases to yield the criti- 
cal leads. For the case of axial compression, for ex- 
ample, the critical axial stress is found to be inde- 
pendent of the wave length and is given by 


(h4t)G, 
— 
2t 
where h is the core thickness, t the facing thickness, 
and G, the shear modulus of the core. 

Test results from aluminum-alloy-faced sandwich 
cylinders with cellular cellulose acetate cores®® in- 
dicate the reliability of the above expression. Ex- 
pressions of corresponding simplicity are found for 
the cases of torsion and bending. For combined load- 
ings the solution of the Donnell equation leads to 
nondimensional interaction curves. 

It is interesting to observe that the buckle pat- 
terns observed during axial compression of these 
specimens were diamond shaped, but with a circum- 
ferential wavelength approximately three times that 
in the axial direction. For a homogeneous cylinder 
these wavelengths are usually approximately equal. 

Extensions of this type of analysis to the case of 
a sandwich cylinder having orthotropic facings have 
been carried out, at the Forest Products Laboratory, 
for axial compression,*’ torsion,®? and uniform radial 
pressure®’ respectively. Experimental investigations 
carried out at this laboratory have confirmed the 
validity of the nonlinear theory developed in (51) and 
the linear theories derived in (52) and (53) respec- 
tively. 

SUMMARY 


In conclusion, mention should be made of excel- 
lent surveys of structural stability by Gerard and 
Becker™ and later by Gerard.®* The rather recent 
books by Flugge,** by Vol’mir,®? by Mushtari and 
Galimov,"* and also by Oniashvili®® all present de- 
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tailed expositions of many areas of the shell buck- 
ling problem. 
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Official U. S. Navy Photograph 


Nine radio sources from outside our galaxy have been 
located in the first two months of operation of a new Navy 
twin radio telescope. Up to the end of 1959, when the Navy 
telescope went into full operation, only five other sources 
of the more than 100 detected outside the Milky Way had 
been precisely located and identified by all the radio tele- 
scopes of the world. 


Official U. S. Navy Photograph 


A unique remote control undersea vehicle for exploring 
and conducting scientific studies of the ocean bottom for 
prolonged periods at great depths. 
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Official U. S. Navy Photograph 


Drawing of the Naval Research Laboratory’s solar radia- 
tion measurement satellite bound “Piggyback” fashion on 
top of the transit 2A satellite. After orbital injection, the 
NRL package is released from transit by spring force and 
travels on its own orbit as an independent experiment. 


Official U. S. Navy Photograph 


U. S. Navy’s giant “Grasshopper” used in the Antarctic 
to obtain and transmit radio signal weather reports. 
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Operations. 


Ox: OF THE more pressing problems for Soviet 
planners today is how best to overhaul, or modern- 
ize, certain branches of the economy which have 
begun to show signs of neglect and obsolescence. 
The Central Committee of the Communist Party of 
the Soviet Union took up the question of remodern- 
ization of, among other branches of industry, trans- 
portation, including replacement of obsolete equip- 
ment, expansion of production, improvement in 
quality and reductions in costs. 

Merchant shipping is included under the broad 
heading “transportation,” and, because merchant 
shipping is a potent weapon in the silent trade war 
being waged by the Soviet Union today, we find 
that a considerable discussion has arisen among the 
people concerned over how best to organize the 
work of repairing the fleet which now numbers over 
809 units so that as many ships as possible will be 
operating for as long as possible, keeping costs, at 
the same time, within tolerable limits. 

A recent report published in the name of the 
Central Scientific-Research Institute for the Mari- 
time Fleet (TsNIIMF), written by an engineer, N. 
K>gan, pointed up the difficulties which now exist 
as a result of past practices and suggests better 


means of obtaining maximum benefits from future 
repair programs. Kogan’s conclusion is that, con- 
sidering costs, the repair work done thus far by 
Soviet shipyards in carrying out what Western 
sources refer to as major overhauls, has been un- 
economical and has failed in its objective—to re- 
store the ships concerned to their original condi- 
tions. The high cost of major overhauls results from 
the time and effort needed to draw up preliminary 
repair lists, time spent in drawing the plans, order- 
ing the materials and parts, etc., for individual 
ships. These costs do not, obviously, include the cost 
for time the particular ship is out of service, nor the 
loss of earning power during repair periods which 
have been known to have lasted for five years and 
more. It is no wonder, therefore, that the major 
overhaul, or, as it is termed by Soviet planners, the 
“capital repair” is referred to as the most costly of 
all repairs. For it has been only recently that Soviet 
engineers and naval architects have admitted open- 
ly that, regardless of how thorough the repair or 
overhaul may be, the ship is never restored to the 
condition it was in when it came from the building 
yard. 


Under existing rules Soviet repair periods are 
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established as follows: 

the current repair—carried out annually and 
paid for out of allocated operating funds; 

the middle repair—carried out once every four 
years and paid for out of allocated operating 
funds; 

the capital repair—carried out once in 9 to 12 
years and paid for out of amortization funds set 
aside for the purpose. 

As will be seen, amortization periods vary with 
different types of ships, but the plan is the same for 
all; setting aside a definite sum annually to defray 
the costs of repairs of the capital variety. Practical- 
ly all such funds are used as designated and little 
or no money is set aside to improve or renew the 
fleet of ships now operating. In other words, present 
policy does not include the building up of an ade- 
quate reserve which might be used to buy new 
ships. The ideal would be an expanding fund, based 
on the idea of setting aside a portion of operating 
profits, which could be used to pay for new ships as 
replacements for older, uneconomical, and obsolete 
units. An additional source of funds, according to 
the scientists, would be the savings which would 
result in repair costs as less extensive overhauls 
were planned. Thus, the combination of operating 
economically profitable ships which would cost less 
than older ones to maintain, would result in a ship 
paying back its original cost in a reasonable period 
of time. But what constitutes a “reasonable” period 
of time? 

Some exploration of the question is required. A 
good starting point is a problem which has arisen 
in the Soviet Union’s tanker fleet. There are, in 
operation today, some 50 Kazbek-class tankers, all 
in the 10,000-ton capacity class. Kazbek has been in 
service since 1951 and it has been found that this 
ship, as well as sister ships of the class, are experi- 
encing severe hull corrosion. The condition is so 
serious that it is openly admitted. that the tankers 
concerned will be unable to operate for more than 
10 to 12 years before a major overhaul (capital re- 
pair) will be required. But a companion study made 
of the condition of a number of. ships which have 
already been through a major overhaul turned up 
the fact that the overhaul of these ships had also 
taken place in the 10-12 year period after place- 
ment in service. The comparative costs of overhauls 
for these ships, as compared with those for ships 
which had been done after longer periods of time in 
service, were less, the scope of repairs was not so 
broad and the time taken to complete the overhaul 
was shorter. The disparity stems from the fact that 
while the rules call for actually doing the major 
overhaul in the period indicated, in, practise the 
rule has become a guide, for the expanding trade 
commitments of the Soviet Union, as well as rising 
costs, not only abroad, but at home as well, have 
created the dilemma the planners are now in. 

What, for instance, should be the length of the 
operating period for a particular class of ship, and 
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in what condition should the ship be in order to as- 
sign it to major overhaul? Who is to make the de- 
termination as to how much to spend on interim 
repairs so that the ship, over a limited period of 
time, retains its economic features of speed and 
condition and earns the money needed to pay for 
the interim repairs and the amortization increments 
which will eventually pay for the major overhaul? 

Physical wear may be defined as the process 
which occurs during the operation of the ship and 
is the result of the conditions under which the ship 
is required to operate, the quality of the upkeep 
performed by the ship’s crew, the quality of the 
materials that went into the ship initially, the qual- 
ity of the interim repairs as well as the scope of 
such repairs. Obviously, wearout will be different 
for individual ships and so, reasonably, will be the 
time in operation before major overhaul is required, 
the time required to do the major overhaul, and 
the costs involved. 

On the other hand studies have shown that the 
repairs done during the current and middle repair 
periods do not compensate for the wearout which 
becomes more intensive as the ship ages. These 
studies are important because the Soviet merchant 
marine is made up, in large measure, of ships which 
are now over 20 years old and even at the rate at 
which new ships have been added, and will be add- 
ed in the next few years, it will take the rest of the 
Seven-Year Plan period to replace many of the ob- 
solete ships in the fleet. 

The new ships coming in pose special problems 
too. Engineering is becoming more complicated and 
ships are getting more expensive to operate and 
maintain. Sooner or later, however, the problem of 
the major overhaul will have to be faced even if it 
may be eased somewhat as similar ships will tend 
to simplify planning. All this is in the future, 
though, and what is of concern today is the fact 
that for the next 10 to 15 years the problem of when 
and how to carry out major overhauls will continue 
to plague the planners. 

For it is evident that the repair programs, as they 
are presently laid out, do not overcome the effects 
of wearout in operation. Repair lists will have to be 
revised to include the work of replacing units and 
parts as needed, rather than permitting them to 
operate to the stated periods of service regardless 
of condition. These changes, or proposed changes, 
result from the hard fact that major overhauls 
which have taken place on ships in the 15th to 18th 
years of service have been so costly that in many 
cases the repair cost was equal to, and in excess of, 
the cost of a new, comparable ship. The major over- 
hauls on old ships, purchased abroad, have been 
particularly expensive and, in the view of the In- 
stitute, should not have been done at all unless re- 
placement for the particular ship type was impos- 
sible to obtain. A case in point is that of the 11,453- 
GRT passenger ship Aziya, built in Germany in 
1924 and which has been operating for many years 
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on the run between Vladivostok and Petropavlovsk- 
Kamchatskiy in the Far East. The old liner has been 
laid up for months in the harbor’-in Vladivostok 
while the experts have pondered the question of 
whether she should be overhauled. At the present 
time her boilers are in such poor condition that they 
cannot provide sufficient steam to operate the main 
engines. But she is, apparently, so badly needed for 
passenger service in the Far East that for the-ad- 
mitted 5 to 10 years of service remaining in the old 
hull, it is expedient to put new boilers in her, con- 
verting her to an oil burner in the process. From 
the information available, however, it will be years 
before the ship is returned to service for the Vlad- 
ivostok Ship Repair Yard will be able to devote 


Youu 1.2.3.4 


Repair c c c mec c em eceM e 


where c is the current repairs, m is the middle re- 
pair and M is the major overhaul, or capital repair. 

There are several things wrong with this plan. 
From the practical point of view it has proven very 
difficult to actually do the annual, current, repair 
without taking unacceptable loss of operational 
time. In addition each ship must be laid up at least 
once every 3 to 6 months for a period of from 5 to 
10 days to carry out what is designated as prophyl- 
actic repair; boiler cleaning, cleaning main engines, 
changing lube oil, making minor or voyage repairs, 
etc. When this repair time is added to that of the 
current repair, which runs 40 to 50 days, the annual 
loss of operational time because of repairs is on the 
order of 60 to 70 days. 

It is for this reason that many of the ships have 
requested that they be permitted to operate beyond 
the current repair periods. There are many reasons 
for this, one of which is that each ship has a plan 
for tonnage to be carried and ton-miles to be cov- 
ered as well as a plan for foreign exchange turn- 
over if the ship is in international trade. Faced with 
unpredictable vagaries of weather and port condi- 
tions, a ship captain must make up his losses as best 
he can, and one way to make up the losses is to 
operate when he should be in repair.. That skipping 
repair periods may result in unnecessary break- 
downs in machinery is disregarded in the interests 
of meeting the plan. 

Too, basic types of ships are docked annually be- 
cause the quality of bottom paint made an annual 
docking almost mandatory. This docking was con- 
sidered to be a part of the current repair period 
ard, because of limited docking facilities, or delays 
caused by improper or poor work planning, added 
te the length of that period out of service. New ma- 
terials used for painting, and a more effective means 
of Sighting corrosion have, in recent years, made it 
pe sible to lengthen the period of operation of the 


8 9 10 11 12 13 


needed workers to the ship only during the summer, 
or slack season. 


Perhaps problems similar to Aziya prompted the 
studies which have been made, perhaps others. 
Whatever the problems, the answers, or the sug- 
gested answers, as well as the reasoning behind the 
answers provide us with an insight into future 
capabilities of a merchant marine which is growing 
in importance every year. 


Present day methods may be on the way out, but 
in order to understand what may happen, let us 
look at what is actually happening in the ship re- 
pair industry. A schematic repair cycle based on 
today’s practice looks something like this: 


14 15 16 17 


ship and has led to the recommendation that cur- 
rent repair be done not more often than once every 
two years. 

This is the type of progress which planners have 
been hoping to expand to include the entire repair 
program. They have pointed out that, because of the 
progress which has been made in shipbuilding and 
in engineering, depreciation limits are reached be- 
fore the ship is actually worn out, with the result 
that if a major overhaul is done on a ship after only 
12 years of service the funds used to do the over- 
haul are not used to their fullest. At the same time, 
it would be advisable to do the major overhaul on 
a fully depreciated, or obsolete, ship only when the 
major parts of the ship (those not requiring mod- 
ernization) show little physical wear and can go for 
another 12 years without replacement. And it is 
further stipulated that the ship’s characteristics 
after the overhaul, or modernization, should be 
similar to those of a like ship with modern gear. 

Consequently, present day thinking is that a 
major overhaul will be effective only if done on 
ships built in series, and then only providing the 
cost does not exceed 50 per cent of the intial cost 
of the ship, plus the annual cost for replacement 
and spare parts and equipment. Amortization 
should provide for replacement parts for use in 
renovation and in major overhaul of the particular 
ship during the established period of its service. 
This presumes that periodic repairs will assure 
lengthy operation of the ship with minimal physical 
wear while, at the same time, stretching out the 
useful life of the ship. 

Since repair cost figure in the total transportation 
bill, both the cost and its effect on the final bill, can 
serve as criteria for the expediency of doing a 
major overhaul. Quite obviously, the magnitude of 
the repair bill will depend on the repair cycle used. 
If a rational repair cycle is selected and is one 
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which will forestall physical wearout of the ship as 
long as possible, the cost will be correspondingly 
less, and so will the final transportation bill. 

Surprisingly enough, and despite all the emphasis 
which has been placed on planning in the past, 
there has been little research done to collate infor- 
mation equating profitability of operations to pe- 
riod of service of a ship. The materials available to 
the researchers dealt with speed of wearout of ship 
parts and machinery and it is these materials which 
were used to arrive at a determination of what con- 
stitutes a reasonable period of operation for a par- 
ticular ship. 

Study of the materials revealed that the decisive 
elements in making the determination include hull 
wear and wear on installations and systems. The 
physical wear which takes place in such items as 
motors and pumps, is of little effect, for this wear 
is eliminated from the calculations by repairing or 
replacing a worn unit. 

Study of hull problems pointed up progress, in 
recent years, in coping with corrosion. It is now 
assumed that, for dry cargo ships, wear resulting 
from corrosion can be kept within the range of 
0.00585-0.00975 of an inch a year. Since the average 
thickness of the plating of the hull is on the order 
of 0.546-0.624 of an inch, and because the Register 
of the USSR, the Soviet classification society, limits 
wear to some 30 per cent of the original thickness, 
an average period of service for a dry cargo ship 
can be set at from 21 to 23 years. 

Tankers are a special case. Tanker hulls are sub- 
jected to the extremely intense corrosive action re- 
sulting from carriage of light grades of fuel oil, as 
well as from the salt water carried in the tanks 
when the tankers are in ballast. Tanker hulls aver- 
age 0.624-0.702 of an inch in thickness in the Kaz- 
bek-class and, since the average annual corrosion 
has been found to be in excess of the established 
0.0117-0.0156 of an inch, the period of service for a 
tanker will not reach the anticipated 13.7-15.4 years 
of service prior to major overhaul. 

Other investigations made by the Institute indi- 
cate that, based on age, the period of profitable op- 
eration for a dry cargo ship lies in the 22-24 year 
range. 

The foregoing results in establishing reasonable 
periods of service for ships in the merchant marine 
at 25 years for dry cargo ships and, if proper anti- 
corrosive measures are used, 20 years for tankers. 
However, these time periods are conditional only, 
and are recommended as departure points for other 
studies, particularly in the study of the establish- 
ment of annual amortization rates. While ships may 
operate well beyond these periods, there is no way 
to tell if such operations would turn out to be prof- 
itable. 

Analysis has resulted in the conclusion that 
present day repair methods are outmoded and that 
what is required is a system of planning-preventive 
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repair which would eliminate the conditions which 
result in having to do the major overhaul. Such a 
system would eliminate the capital and middle re- 
pair periods in their present form and substitute 
for the two a category which would, in its scope, 
fall between them. This new repair would be known 
as the classification repair, a name suggested by 
workers in the Far East, and would be done once 
every four years, the funds coming out of the amor- 
tization funds. The use of this system would have 
the ship pass through five classification repairs over 
a 25 year period. The advantage of the proposed 
cycle is that it is designed to exclude progressively 
intensive wear of the ship since, as a result of the 
scope of the program, broader than that of the 
present day middle repair, wearout could be more 
easily contained. Too, it is noted that each succes- 
sive classification repair would be broader in scope 
than the previous one as a result of the known 
progression of physical wearout. 

A study was then made of the work done on 74 
ships which have undergone capital repair in So- 
viet shipyards. From this study there were obtained 
data on the man-hours used to do the work, the 
volume of repair work done, and the time involved. 
These data were then equated to ships which are 
forming the nucleus of the modern part of the So- 
viet merchant marine. At the same time, the costs 
were examined and equated and the result has been 
a determination that repair costs are not to exceed 
60 per cent of the replacement cost of a ship. In 
tabular form, the classification repair will follow 
this outline: 

Year of service in which 
classification repair of Percentage of building 


Number of ship will be done cost of the ship 

classifica- 

tion repair Dry cargo Tanker Dry cargo Tanker 
1 4 4 6 8 
2 8 8 8 12 
3 12 12 12 14 
4 16 16 16 24 
5 20 18 


Soviet engineers are unable to evaluate the de- 
gree of physical wear which takes place in the com- 
plicated engineering unit known as the ship. In- 
stead they have chosen to use an equivalent for 
actual physical wear, calling it the economic meas- 
ure of physical wear of the ship. This measure can 
be set up in equation form as: 

R 
where R is the cost of the repair; C, is the cost of 
building the ship at the time of determination of 
ar; a is the economic measure of physical wear. 

The magnitude of R is the sum total of all the 
classification repair costs incurred over the total 
period of opertion of the ship. From the standpoint 
of economic expediency, it is necessary that R<C,. 

Academician S. G. Strumilin further recommends 
that the depreciation of equipment which occurs as 


- 
‘ 
+ 


KASSELL 


SOVIET SHIP REPAIR PROGRAM 


the result of engineering advancements be comput- 
ed by the use of the equation: 


Cc, 
(1+p)t 


where Cy is the cost of equipment over T years of 
operation; C, is the initial cost of the equipment; 
p is the average annual increase in the productivity 
of labor in the country in parts of unity; T is the 
period of operation of the equipment. 

This formula was used to calculate the reduction 
in the cost of the tanker Chkalov, built in the So- 
viet Union in 1956 (Kazbek-class). The annual in- 
crease in the productivity of labor was taken as 
equal to an average 5 per cent. In order to do a 
major overhaul on this tanker in the period of 14 
to 16 years of operation, and still remain within the 
provisions of R<C,, the cost must not be in excess 
of about 40 per cent of the initial cost of the tanker. 
From the practical standpoint, the cost of the major 
overhaul is set at from 55 to 60 per cent of the 
restoration cost for the ship, or 35 to 40 per cent of 
the initial cost. Thus, since it had been indicated 
that the total cost of all classification repairs should 
be on the order of 60 per cent of the restoration 
cost, the practical example confirmed the previously 
established analysis. In other words, a method has 
been derived which permits making an estimate of 
the cost to overhaul a particular ship and, if the 
cost of the repair comes out to be in excess of 60 
per cent of the restoration cost, it is not expedient 
to effect the repair. 

The problem of amortization is treated in a some- 
what similar manner, for it is expected, under So- 
viet practise, that each ship make up, during its 
operations, the costs of renovation as well as what 
it will take to do the major overhaul. The magni- 
tude of annual amortization is obtained from the 
equation: 


Cc 


Cc, —C,—Cren 


A= in rubles per year 

where C, is the initial cost; C, is the cost of all cap- 
ital repairs carried out in time T; C,., is the re- 
sidual cost of the ship under discussion; T is the 
service period of the ship. 

As applied to the tanker, for example, if the 
initial cost is taken as equal to C, rubles and the 
cost of all the capital repairs carried out during the 
period of service of the ship (T equals 20 years) 
C, equals 0.5C, rubles, we can see that the sum of 
annual amortization calculations (with residual 
costs disregarded) would equal 


20 
which is, in percentage of the initial cost, 


__0.075C, x 100 


A =0.075C, 


A =7.5 per cent 


This amortization percentage is made up of two 
parts. One part, totalling 5 per cent, is assigned to 
renovation of the ship during its operations and the 
remainder, or 2.5 per cent, is assigned to the ac- 
complishment of the classification repairs. 


For a dry cargo ship, assuming an operating 
period of 25 years, the amortization factor is 6 per 
cent, with 4 per cent going to renovation, and 2 per 
cent to the classification repairs. 


If the new system of planning-preventive repair 
is adopted, it will be based on a 25 year useful life 
period for dry cargo carriers, and a tanker will be 
assigned a 20 year span. During these periods the 
greater part of the amortization, 4-5 per cent, will 
be directed towards renovation, while the remain- 
der, 2-2.5 per cent, will go into the new type of re- 
pair to be known as the classification repair. The 
planning factors include a limitation that the sum 
total of all classification repairs is not to exceed 60- 
70 per cent of the restoration cost of the ship or 
40-50 per cent of the initial cost. Basic to the new 
planning is the thought that a repair cycle of this 
type will eliminate incurring excessive wearout of 
the fleet, reducing the costs incurred for current re- 
pairs, and as a result, the overall cost of transpor- 
tation by sea. 


However, unless present Register rules are 
changed, the planners will still have to consider the 
need to order a capital repair in order to have the 
particular ship retain its Register classification over 
the 25 year period assigned to dry cargo ships. This 
determination will have to be based on the planned 
cost of repairs, R, in millions of rubles, arrived at 
from: 


R,= 100 


where C, is the initial cost; A. is that portion of the 
amortization charge assigned to capital repair; Tyes 
is the number of years of life remaining in the ship. 

Thus, if, in the service life remaining, it can be 
anticipated that the main ship units and propulsion 
plant can perform without additional outlays for 
replacements or repairs, the repair may be done; 
if the condition of the ship is such that the imposi- 
tion of the conditions established cannot be met, the 
repair will not be undertaken. The argument to 
support this contention is that as the ship ages, an- 
nual expenditures on maintenance increase to a 
point where, in the later years of the service life, 
such costs may be 2 to 3 times and more than they 
were in the first years the particular ship was in 
operation. 


This rather lengthy dissertation on present, and 
future, repair methods and ideas can serve to make 
us aware of the fact that while many new ships are 
coming into service in the Soviet Union’s merchant 
fleet, many of those ships already in service have 
proven sufficiently costly to have resulted in a 
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rather widespread shakeup in planning for the fu- 
ture. Ultimate results can only be anticipated, for 
however much the planners may desire improve- 
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Thousands of miles from the activities of the bathyscaphe Trieste in the 


Pacific, another deep sea program is underway. Outside San Antonio, 


Texas, the Reynolds Aluminum Company is fabricating an aluminum sub- 
marine appropriately called the Aluminaut. Director-in-charge is a veter- 
an submariner, Rear Admiral D. H. Day, USN (Ret). 

For many years J. Louis Reynolds had dreamed of the potential re- 
search, military, and industrial potentialities of a deep sea diving sub- 
marine. Now, with the assistance and full cooperation of the Navy, plans 
are rapidly taking shape. Whereas the bathyscaphe has virtually no mo- 
bility other than straight up and down, the Aluminaut is designed to op- 
erate at depths of from 15-17,000 feet with a range of 100 miles. At 
these depths oceanographers believe 60°, of the earth's unexplored area 
will be accessible. 

In 1961, America will have the world's first deep sea submarine, the 
Aluminaut. 43 feet long with a 30-foot cylindrical pressure hull fabricated 
from 6-inch aluminum plating, its 7-foot inside diameter will house a pilot, 
two "aaa a payload of instruments weighing more than 3400 
pounds. 

The propulsion is battery operated and will be mounted in an indepen- 
dent stern capsule filled with oil to equalize the pressure. Besides the stern 
prop, the boat will also have a vertical propeller which will permit hover- 
ing and aid in vertical travel. 

j 


The exploration of the sea below is as important as any other element 
man has sought to conquer or solve. Recent study by dredging has re- 
vealed the ocean is a vast storehouse of raw materials. It has been esti- 
mated that one square mile of ocean floor contains nodules of cobalt and 
manganese valued at half a million dollars. Other minerals include oil, 
chemicals and food sources. Another lucrative potential is salvage of 
sunken treasures. 

To exploit this potential a desired feature of subs similar to the Alumi- 
naut is a robot arm mechanism operated from within the hull, collecting 
material from the ocean floor, and depositing it in an exterior bin. 

The possible disposal of atomic wastes and dispersal of radioactive 
contamination in the deep basins of the sea are being analyzed and 


studied. 
—from U.S. NAVAL INSTITUTE PROCEEDINGS 
July 1960 


ments, the work must still be done in shipyards 
which have a long way to go before they can meas- 
ure up to many ordinary Western shipyards. 


ad 
C) 
= 
1 


LIEUTENANT ROBERT S. LUCAS, USCG 


GAS TURBINES 


PRESENT AND FUTURE DEVELOPMENTS 


THE AUTHOR 


is a 1952 graduate of the U. S. Coast Guard Academy. After serving in both 
Deck and Engineering billets, and as Commanding officer of an overseas 
LORAN transmitting station, he has just completed studying Naval Archi- 
tecture and Marine Engineering at Massachusetts Institute of Technology. 
He is a member of the American Society of Naval Engineers and of the 
Society of Naval Architects and Marine Engineers. 


te GAS TURBINE POWER plant has been developed 
essentially during the past twenty years, although 
explorations in this field have extended over half a 
century. The earlier attempts to construct gas tur- 
bine plants were generally unsuccessful owing to 
exceptionally poor thermal performance. Low 
thermal efficiencies were primarily a result of poor 
compressor performance and limitations imposed on 
turbine inlet temperatures by the lack of high- 
quality materials. An exception is to be noted with 
respect to the turbosupercharger which was suc- 
cessfully developed for supercharging the internal 
combustion engine. 

The rapid extension of the gas turbine plants into 
all phases of power generation is credited not only 
to the many advantages inherent in these plants, 
but also to current technological progress. Intensi- 
fied research in many fields has provided a greatly 
extended store of fundamental data, as well as new 
and improved materials, new and better compon- 
ents, and better design. 

The relatively low-speed reciprocating engine 
can be made to function in spite of poor design and 
construction, although thermal performance may be 
mediocre. In addition, owing to application of water 


jacketing, together with alternate compression and 
expansion in the same cylinder, metal temperatures 
are moderate. A turbomachine, however, requires 
closer observance of accepted design principles, es- 
pecially with respect to the characteristics of fluid 
flow. Also, high material temperatures have always 
presented a serious problem to be considered in the 
design and construction of the power element of the 
gas turbine. 

A few significant dates are of interest in tracing 
the progress of the gas turbine. The development of 
the British jet-propulsion engine was started in 
1936. In 1939 Escher Wyss Engineering Works 
(Zurich, Switzerland) completed construction of a 
2000-kw experimental closed-cycle gas turbine 
power plant. A 2200-hp gas turbine-electric loco- 
motive, built by Brown-Boveri, of Baden, Switzer- 
land, began operation in 1941. The General Electric 
Company initiated a program in 1941 for develop- 
ment of a turboprop aircraft engine. Tests were 
conducted in 1944 on the 2500-hp Elliott-Lysholm 
marine gas turbine plant. 

There are thousands of gas turbines in use today; 
in order to limit the scope of this paper, marine 
uses only will be considered. 
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The gas turbine has proven its suitability, sim- 
plicity and operational advantages in various ma- 
rine uses, both main propulsion and auxiliary. To 
indicate the wide use of gas turbines in the marine 
field, Table I has been prepared. Table II is a sum- 
mary of the gas turbines presently used in merchant 
ship propulsion applications, and Table III a sum- 
mary of the gas turbines used in naval ship propul- 
sion applications. 


TABLE I 
Summary of Gas Turbines In Marine Use 
Merchant Naval 
Ships Total HP Ships Total HP 
Gas Turbine 
Propulsion ......... 9 25000 61 124000 
13 6000 206 51000 
Free-Piston G.T. 
Propulsion ......... 15 69000 21 37000 
TOTAL 
Propulsion ......... 24 94000 82 161000 
rere 15 7000 206 51000 
TABLE II 
Gas Turbines in Merchant Propulsion Applications 
Country Power Plant HP Ship Status 
England ..... 1200 Auris Removed 
after 19831 hr 
England ..... 5500 Auris Installed 
England ..... 350 Launch Building 
France. ...... 3300 Liberty Building 
5000 Cargo Building 
220 Boat Installed 
500 Boat Building 
500 Boat Building 
6600 John Installed 
Sergeant 
TaBLeE III 


Gas Turbines In Naval Propulsion Applications 


Power/ Plants/ Number of 
Country Plant, HP Ship Ship Ships 
England ..... 5400 2 Grey Goose 1 
England ..... 4500 2 MTB 2 
England ..... Boost Frigate 
England ..... Boost Destroyer 
England ..... 3800 ~=Patrol boat 
220 1 LOCVP 4 
500 Patrol boat 1 
500 1 LCPL 9 
220 1 MSL 26 
160 1 MSL 4 
220 ‘Patrol boat 1 
10000 2 
Germany .... Escort 6 


There are two general types of gas turbines in 
marine use. One is of the long-life design with good 
over-all thermal efficiency where reduction of 
weight and space are not of major importance. The 
second type approaches the aircraft concept closely, 
and particular emphasis is put on the reduction of 
weight and space. Cycle temperatures are generally 
higher than in the long-life type. 

Naval uses to date have been mainly concerned 
with the lightweight, inefficient, small-size gas tur- 
bines, primarily for auxiliary use. Merchant appli- 
cations have been limited to the first type of plant, 
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with few exceptions. The most outstanding exam- 
ple of a main propulsion gas turbine plant is that 
installed in the SS John Sergeant, completed in 
1956. This plant has been very successful, although 
it certainly does not represent the latest in gas tur- 
bine developments. This General Electric-designed 
plant has been in fairly wide use since 1951, mainly 
in natural gas pumping applications. However, it is 
typical of the gas turbines now in use for merchant 
ship propulsion, and represents closely what can be 
expected of gas turbine plants which may be in- 
stalled in new merchant construction. 

The Sergeant plant is an open-cycle, two-shaft 
regenerative machine, incorporating a 14-stage 
axial-flow compressor, a combustion system, a sin- 
gle-stage high-pressure turbine driving the com- 
pressor, and a single-stage low-pressure turbine 
driving the propeller through a reduction gear. This 
unit does not incorporate an intercooler or reheat; 
the regenerator used has an effectiveness of 80 per- 
cent. 

The nominal rating of the unit is 6000 shp. This is 
accomplished with the compressor and high-pres- 
sure turbine operating at up to 6900 rpm, the power 
turbine operating at 5323 rpm, the cycle pressure 
ratio at 4.9:1, and the turbine inlet at a maximum 
of 1450°F. Austenitic steel turbine blades are used; 
the combustor is made of stainless steel. 

The only U.S. Naval main propulsion installation 
of a fairly large capacity gas turbine is in PT 812, 
where there are two 4000-hp Metropolitan Vickers 
G-2 turbines installed, one each on the two out- 
board shafts. Also installed are two 600-hp diesels, 
one each on the two inboard shafts. The gas tur- 
bines are used only for speeds over 18 knots; they 
burn diesel fuel, and can be controlled from the 
bridge. They have not proven too successful to 
date; they have been plagued by various minor 
difficulties. These turbines are of the lightweight, 
low efficiency type. Turbine inlet temperature is 
1270 F; moly-vanadium, Nimonic 80A, and austen- 
itic steels are used. 

Major advances have been made in gas turbines 
for auxiliary applications. The 300-kw emergency 
and stand-by generator set installed on the USS 
Gyatt in 1956 is an outstanding example of the new 
breed of gas turbines; it can start from a cold con- 
dition and carry full load in less than 10 seconds. 
The total weight of this set is about 9500 pounds 
less than that of a diesel-driven set of the same ca- 
pacity. The availability of this set has been nearly 
100 percent. Maximum inlet temperature is 1450°F; 
it has an overhaul period of 1000 hours at continu- 
ous rating. The simple open cycle is used; materials 
used throughout are high-alloy steels. 

The first marine gas turbines ever built in pro- 
duction quantities were the 160-hp Boeing 502-6, 
which were used extensively in U.S. Navy mine- 
craft to power minesweeping generators during the 
Korean War. Many early difficulties were encoun- 
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tered, as with any new type of prime mover, but 
they performed a vital job that no other type of 
prime mover could accomplish within the required 
limitations on weight and magnetic materials. 

The new Minesweeping Launch (MSL) is pow- 
ered by a 220-hp Boeing 502-10C, and uses another 
turbine of the same type as prime mover for a 100- 
kw minesweeping generator. Gas turbines have 
been found ideal for this service; they obtain high 
power in a small, light package, and have a very 
low magnetic signature. 

This model of the 502 weighs only 325 pounds 
with reduction gear, and contains only 68 pounds 
of magnetic material. Austenitic stainless steel is 
used extensively. Although the turbine inlet tem- 
perature is 1535 F, the engine life is rated as 500 
hours of continuous operation between overhauls. 
starters. 

Other marine gas turbine auxiliary uses include 
boiler superchargers, fire pumps, portable genera- 
tors, fog generators, air supply units, and aircraft 

The problems which are encountered most often 
with present-day gas turbines are: 

1. Fuel. If residual fuel is to be used, it must 
be washed or cleaned to prevent excessive de- 
posits on and corrosion of the blades. Fuel addi- 
tives must be used so as to control the ratio of 
magnesium to vanadium. Sodium content must 
usually be reduced to about 2.5 ppm. On the 
John Sergeant, fuel treatment costs about four 
cents per barrel. 

2. Fouling. The compressor blades, regenera- 
tors, and turbine exhaust ducts are fouled by the 
salt air, which leaves a light deposit of sodium 
chloride in those parts; this increases the over-all 
fuel rate, and reduces compressor and regenera- 
tor efficiency. 

3. Mechanical failures. Various failures are en- 
countered with each new type of machine. These 
are being reduced by design and material 
changes which may be found necessary after ex- 
tensive testing. 

Major objections to the use of gas turbines for 
main propulsion are usually based on economic fac- 
tors, since at the present time gas turbines are defi- 
nitely more expensive to install than steam or diesel 
plants. Many of these objections can be overcome 
by the fact that operating costs promise to be lower 
for gas turbines than for either steam or diesel 
plants since (1) the maintenance required is on a 
par with steam, i.e. much lower than for diesel, and 
(2) the number of operating personnel is reduced 
below that required by either diesel or steam. Also, 
considering the results obtained with the John 
Sergeant, the total fuel cost may be expected to run 
ecual to or less than that for a similar, steam-pow- 
ered ship. 

The latest developments made in the gas turbine 
field are in the direction of increasing the economic 


reasons for using gas turbines as main propulsion 
units. 

1. Work on liquid cooling of turbine blades is 
continuing, and has been used successfully in ex- 
perimental turbines. Blade cooling is very desir- 
able, for this could eliminate the need for the 
high-cost special alloys now needed in the tur- 
bines and elsewhere. The cycle temperatures 
could also be raised, which would result in high- 
er efficiency. 

2. It has been shown that residual fuels may 
be burned by gas turbines, with little cost and 
effort needed for fuel treatment and plant clean- 
ing. This is a very large factor for merchant 
owners, since residual fuels cost much less than 
diesel fuels. 

Many of the latest developments in other fields 
are of interest to the gas turbine designer; for ex- 
ample, metallurgy has produced some new materials 
which are truly fantastic when compared to those 
in common use today. Molybdenum alloys can be 
made for use at extremely high temperatures, es- 
pecially when small amounts of titanium are added. 
These seem to be the most promising of all alloys 
under development for gas turbine use, with use 
up to 2000°F seen possible in the very near future. 

Certain nickel-base alloys also show much prom- 
ise, and are developed further than molybdenum 
alloys. Incoloy 901, an alloy of nickel-iron-chrom- 
ium, was developed especially for gas turbine use, 
and has excellent creep and rupture strength prop- 
erties up to 1400°F. 

Great strides have been made in the use of ce- 
ramics, primarily as high-temperature protective 
coatings. New methods of application have been de- 
veloped to reduce the problems of distortion and 
warping of the metal. 

Cermets hold great promise for the future. A new 
cermet produced from silicon carbide and molyb- 
denum actually increases in strength as the temper- 
ature is raised. Some of the latest cermets can be 
used up to 1800°F, and do not have the oxidation 
problems of metals. Cermets, however, do not have 
high tensile strengths, and are intended primarily 
for compressive uses. They have proven ideal for 
bearings at high temperatures; the coefficient of 
friction is extremely small, and no lubrication is 
necessary. Powder metallurgy has also produced 
some products which will be of great value in high- 
temperature applications. 

Vacuum casting has been applied to eliminate 
gases and volatile materials from metals, especially 
hydrogen, which has been shown to be the cause 
of failure of large steel forgings such as turbine 
rotors. Vacuum casting improves the high-tempera- 
ture properties as well as the ductility of metals. 

Future developments in the gas turbine field are 
to be expected, and these developments may take 
several courses. There are several ways to increase 
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the efficiency of gas turbines as we know them, and 
one line of attack will no doubt be in this direction. 
These methods include: 


1. Increase the maximum cycle temperature. 
2. Increase the efficiency of the components. 
3. Use of more complex cycles. 


The desirability of increased temperatures has 
been pointed out previously. Increased tempera- 
tures, besides giving higher efficiencies, introduce 
other than metallurgical problems. Bearing design, 
lubricating oil and insulation difficulties may be en- 
countered. However, this will probably be a major 
line of development, since the possible gains to be 
realized are very great. Raising the turbine inlet 
temperatures to around 2500°F will give efficiencies 
near 50 percent. At the same time, specific air con- 
sumption is decreased; this results in smaller dia- 
meter turbines and compressors. By then cooling 
the blades and other critical sections to about 
1000°F, efficiencies over 45 percent may be realized, 
yet ordinary cheap alloys can be used. Liquid cool- 
ing seems much more promising than air cooling. 

The efficiency of the components can be increased 
by design refinements and use of improved ma- 
terials, but here weight and space may become 
problems. For merchant ship use, this is not a major 
difficulty, but for naval use efficiency may have to 
be sacrificed somewhat to maintain the weight and 
space advantage which the gas turbine inherently 
possesses. 

The use of more complex cycles also leads to in- 
creased weight and space requirements, as well as 
destroying the simplicity of the gas turbine plant. 
Therefore this line of development will probably 
not be followed to any extent. 

A much more promising line of attack is not a 
more complex cycle, but a very simple closed-cycle. 
The simplicity and high efficiency of the closed- 
cylce gas turbine power plant make it especially 
desirable for marine use. Many closed-cycle plants 
are in industrial use, and without exception have 
proven very successful. 

The gas turbine employing a closed-cycle of 
heated air has far greater similarity to steam tur- 
bine plants than is the case with the combustion 
gas turbine. One of the chief characteristics of the 
closed cycle is that one can obtain a practically con- 
stant high efficiency over a very wide range of out- 
puts between full-load and part-load. This is a re- 
sult of the method adopted for output regulation, 
in which only the pressure level is changed during 
the admission and discharge of air from the circuit 
at otherwise constant temperature. The turbine, as 
a result, always works at the same operating point. 
The velocities and angles of admission to the blades 
remain the same at all loads. This is an obvious 
great advantage, since the blading can be designed 
to function most efficiently at one specific condition. 

The incentive for developing the air turbine 
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originates from the desire to simplify marine drive 
in comparison with steam plants or combined 
drives. Very high pressures are not needed for 
large outputs. 

The combustion turbine must operate with con- 
siderable excess air, so that the required inlet and 
exhaust ducting is rather large. The combustion air 
and waste gas quantities for a closed-cycle gas tur- 
bine are no larger than in a modern steam plant. 
The air heater can be a simple tubular heat ex- 
changer, with no drums. This unit could use small, 
thin-walled tubes of ordinary material. 

The closed-cycle gas turbine plant would permit 
the elimination of double installations, at least in 
the larger ships, so that CODAG or COSAG plants 
would only be used in very special applications. 

Shown below is a diagramatic comparison be- 
tween a steam and a gas turbine (closed-cycle) 
marine power plant. 
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The closed-cycle plant gives high reliability, since 
the turbines and air heaters are simple. Other ad- 
vantages which it offers are: small weight per hp, 
but with long life; use of fuel of low quality; no 
possible fouling of moving parts; no need for fresh 
water. 

The working fluid in a closed-cycle plant does 
not necessarily have to be air. It has been shown 
that a plant using helium, nitrogen, or carbon di- 
oxide will be smaller, lighter, and more efficient 
than a plant using air. Of these gases, helium is by 
far the most interesting; a plant using helium would 
be only one-third the size and weight of an air 
plant. Mixtures of these gases have also been in- 
vestigated, but here the situation becomes very 
complicated and it is felt that such developments 
are unlikely. 

The next logical development would be the use of 
a closed-cycle gas turbine in conjunction with a 
nuclear reactor. This combination offers an efficient 
and simple nuclear-power plant. The plant would 
have excellent part-load efficiency. As it is a closed 
circuit, it avoids the contamination and corrosive 
problems of the open cycle gas turbine, but intro- 
duces the possibility of contamination by gaseous 
fission products if the gas of the closed cycle is used 
as the reactor coolant. 

A double loop system, using a primary reactor 
coolant and a heat-exchanger to heat the gas for the 
turbine system, would be a more conservative de- 
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sign, but is not considered desirable; this would 
lead to increased complexity, weight, and mainten- 
ance, as well as reduced cycle efficiency. It is felt 
that, if properly purified and conditioned, the gas 
can be circulated directly through the reactor and 
gas turbine without requiring secondary shielding 
for the turbine-compressor circuit. 

From nuclear reactor considerations, helium has 
much to recommend it as a gaseous coolant. It has 
a negligible cross section for neutron capture and is 
not hazardous. It is stable to heat and to the action 
of radiation. It is inert chemically and has no harm- 
ful effects on structural or containing materials. In 
order to economize in pumping power, moderately 
high pressures would be necessary, thus introduc- 
ing the problem. of leak-proof pressurized vessels. 

Nitrogen has been used as a reactor coolant, but 
is being replaced by carbon dioxide because radio- 
active C-14 is formed by the (n,p) reaction, which 
would constitute a hazard if it escaped from the 
pressure vessel. CO-2 is less efficient than helium 
as regards heat transfer, pumping power, and neu- 
tron absorption, but is more readily available and 
cheaper. 


There are several features that will require fur- _ 


ther study and development in this plant. The per- 
missible operating temperature is the key to the 
eventual success or failure of this type of reactor. 
Other problems, such as gas seals on the turbines, 
must be solved before this plant can be put into 
use. 


It can be seen that the future for the marine gas 
turbine is indeed bright. It will be further devel- 
oped along several lines, and will be successfully 
applied in many forms. 
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A new type of sonar'that holds promise of being one of the most sig- 
nificant break-throughs in the science of submarine detection in recent 
years is to be manufactured in Canada for the Royal Canadian Navy. 

Called variable depth sonar (VDS), the new — will enable warships 


to lower sonar gear through the ocean's therma 


layers, thereby overcom- 


ing submarines’ ability to escape detection in or below these tempera- 


ture strata. 


The need for a layer-probing sonar first became apparent when Ger- 
man submarines, both by accident and design, made tactical use of 
thermal layers during the Second World War. 


The upper levels of oceans usuall 
ture which form a horizontally uh 


contain layers of varying tempera- 
iform pattern many miles in extent. 


These layers may refract or completely resist penetration by sonar trans- 


missions from hull-mounted sets. 


DRB scientists and RCN antisubmarine specialists, working on the 
project together, discovered the problem could be substantially over- 
come by placing transducers in or below the layers of varying tempera- 


tures. 


Applied research and development followed. The result is an equip- 
ment consisting essentially of a transducer enclosed in a streamlined body 
which can be towed at varying depths. The towing cable houses a core 
of electrical conductors. These transmit signals to the towing ship's sonar 
displays and also carry electrical power from the ship to the transducer. 

—from SEAPORTS AND THE TRANSPORT WORLD 


April 1960 
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RECENT NAVY TYPES 


USS Dewey (DLG 14) 


USS John Willis (DE 1027) 
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A FAMOUS GENERAL once succinctly stated one of 
the major principles of military strategy and tactics 
as: “Get there fustest with the mostest.” 

To the marine engineer, obtaining the speed to 
get there “fustest” means more horsepower. Getting 
there with the “mostest” in military pay-load means 
less weight and space for the higher horsepower 
prime mover, and for the fuel required to perform 
its mission. These were major considerations in the 
intitial draft, 3 years ago, of the specifications that 
led to the Saturn engine. 

The specifications and test program were also 
designed to produce a thoroughly rugged, reliable, 
long-life gas turbine which would require minimum 
maintenance, would be simple to operate, and would 
be competitive in price with diesel engines of the 
same horsepower. The completed engine was in- 
tended to fill a growing requirement for a light 
compact prime mover in the 1000 to 1250-hp class 
for propulsion of high-speed boats and landing 
craft (particularly hydrofoils), and for driving 500 
to 750-kw shipboard electric generators. 

In addition to the military requirement for a 


high-performance engine, the necessity for maxi- 
mum economy in ship construction and operation 
was also an important factor in this development 
program. To provide the volume production neces- 
sary for low purchase cost, the engine was to be 
suitable for as wide a variety of applications as 
possible. Attaining a low fuel rate was of itself 
an important economic consideration and it also 
serves to broaden the application spectrum. 


Weight and space considerations are of major 
importance from the over-all economic view- 
point. Any 1000-hp engine larger and heavier than 
the Saturn requires larger machinery space, 
heavier foundations, and greater ship or boat dis- 
placement to support it. A large boat requires 
more horsepower to drive it at a specified speed, 
and more fuel to attain a specified range. Thus, 
with a lighter engine, the required overall charac- 
teristics can be obtained with a smaller and less 
costly boat. These considerations are of especialiy 
great importance in high-speed craft; but, they 
apply in varying degrees to all types of transporta- 
tion vehicles. ' 
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The foregoing economic considerations particu- 
larly favor a light engine as an emergency-genera- 
tor drive. Each additional ton of ship displacement 
requires additional fuel (however small it may be) 
to drive the ship through the water. But when it 
is considered that many a combat ship travels 
nearly a million miles before its final decommission- 
ing, even a minute saving per mile represents a 
significant total saving in operating costs and in 
logistic support during the ship’s useful life. 

The compressor was considered to be the most 
difficult component-development problem in a high- 
performance engine. It was felt that the degree 
of success achieved in the compressor development 
would indicate the minimum specific fuel consump- 
tion which it would be feasible to specify for the 
new gas turbine. Therefore, as an initial step, an 
advanced compressor-development program was 
undertaken. 

This program resulted in a highly successful 
eight-stage compressor with a pressure ratio of 
7, and an over-all total to static efficiency of 86 
per cent. Based on these results, the following 
objectives were set forth for the Saturn gas-turbine 
development program: A maximum rating of 1100 
hp at a specific fuel consumption (SFC) of 0.63 
lb per hp-hr and a continuous rating of 1000 hp at 
0.65 Ib per hp-hr SFC. 

The engine was to attain compactness and mini- 
mum weight without sacrifice of durability, sim- 
plicity of operation, specified overhaul interval, or 
the requirement of minimum maintenance. The 
engine-overhaul interval specified for initial pro- 
duction engines was 2000 hr minimum. The devel- 
opment program was to be completed within 3 years 
of the date of contract. 


ENGINE CHARACTERISTIC 

The specification of a high-performance engine 
of light weight and compact dimensions dictated 
the use of a simple thermodynamic cycle which, in 
turn, requires components of the highest efficiency. 
From the initial compressor work, it was demon- 
strated that an axial compressor in an 1100-hp 
engine size could produce an operating efficiency 
of 86 per cent. It was clear that the specific-fuel- 
consumption objective of 0.63 lb per hp-hr in a 
simple cycle could only be met by combining this 
compressor with a multi-stage, axial-type turbine 
embodying the most advanced aerodynamic-design 
techniques. 

A study was undertaken to optimize a cycle that 
would produce the desired performance yet would 
take into account the objectives of keeping the 
over-all engine design simple, durable, and of low 
cost. This study, and the subsequent development 
program, produced the design point data (Table 


1). 
Specification performance was achieved with the 
Saturn engine on the very first build. Subsequent 
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TaBLE 1 DesicN-Pornt Data 


Compressor efficiency, per cent .................eeeeee 86 
Combustor pressure loss, per cent .............-..000: 25 
Engine speed—nominal, rpm 22300 
Turbine-inlet temperature maximum, deg F .......... 1500 


SATURN T-1020S TWO SHAFT GAS TURBINE 
80 F AMBIENT 


INLET PRESSURE LOSS « 4 IN. HAO 
EXHAUST PRESSURE LOSS = 6 IN. #0 


~ 
~ 


POWER TURBINE SPEED 
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SPECIFIC FUEL CONSUMPTION (b/hp-hr) 
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Figure 1—Specific fuel consumption of two-shaft turbine. 


POWER TAKE OFF 


18.0 DIA. 


TABLE 2 PERFORMANCE COMPARISION AT 
BUSHIPS Anp STanparp ConpDITIONS 


BuShips Standard 


Maximum rating (1 hr), hp ............ 1100 1250 
Maximum rating SFC, lb/hphr ........ 0.63 0.61 
Continuous rating, hp ................. 1020 1165 
Continuous rating SFC, lb/hphr ....... 0.64 0.63 
Maximum turbine-inlet temp, deg F ..1500 1500 
‘Continuous turbine-inlet temp, deg F ..1450 1450 


calibrations on a number of builds of both single- 
shaft and two-shaft versions of the engines have 
shown that the 0.63 SFC at Bureau of Ships stan- 
dard conditions can be attained or bettered. This 
performance is equivalent to 22 per cent thermal 
efficiency. Typical performance of the two-shaft 
version is illustrated in Figure 1. 

The Bureau of Ships standard conditions call 
for 80°F ambient with a 4-in. H,O depression on 
inlet and 6-in. H.O back pressure on the exhaust 
whereas standard conditions are usually given at 
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60° F with no inlet and exhaust losses. The engine 
ratings at these two conditions are compared in 
Table 2. 

The Saturn engine is unusually small and com- 
pact for an 1100-hp power plant. The over-all 
dimensions of the engine are shown in Figure 2. 
The engine is 77 in. long, 44.9 in. wide, and 44 
in. high. It typically weighs 1250 lb, the exact 
weight depending on the particular accessories 
used. The weight-to-power ratio is approximately 
1.14 Ib-hp. The engine operates on MIL-F-16884 
diesel oil for marine applications and is designed 
to operate on almost any type of fuel, including 
gasoline and jet fuels. 


DESIGN APPROACH 
Several criteria were established for the Saturn 


engine as essential to the success of a gas turbine . 


in workhorse service. 

One of the foremost considerations was life. The 
engine was designed to operate at conservative gas 
temperature and stress levels so that the opera- 
tional life of the major rotating and stationary com- 
ponents would be in excess of 100,000 hours. 

Another consideration in the engine design was 
cost. There are two aspects to the cost problem. One 
is the cost to produce the engine and the other 
is the cost to maintain it. Much emphasis was 
placed on keeping the engine configuration and 
component design simple because it accomplished 
both objectives. The simplest design is not only the 
cheapest to make but it is inherently easier to main- 
tain. 

A third objective was that the engine design 
should have a high degree of dependability. While 
other factors such as long life and simplicity con- 
tribute to the dependability of the basic engine, 


SINGLE-SHAFT TURBINE 


the importance of making the controls and other 
engine accessories foolproof cannot be overstressed. 
The engine capability can be realized in service 
only if it can be depended upon to start and run 
in the hands of ordinary operators. 

The final layout of the engine is simple and 
straightforward. Figure 3 is a sectional diagram 
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INLET ANNULAR COMBUSTION CHAMBER TURBINE 


Figure 3—Cross section of single-shaft engine. 


showing the internal relation of component parts. 

The eight-stage axial compressor, fully annular 
combustor, and three-stage axial turbine, are ar- 
ranged with a straight-through flow path that not 
only minimizes flow losses but also affords the 
engine a cyclindrical structure of considerable 
rigidity and stability. 

The double planetary reduction gear and out- 
put shaft are located on the turbine end. An ac- 
cessory gearbox with starter mounting is located 
behind the air inlet to shorten the over-all length 
and to make the accessories accessible for servicing. 

Another feature of the Saturn mechanical de- 
sign is shown in Figure 4. The turbine can be con- 


SPLIT-SHAFT TURBINE 
Figure 4—Comparison of single-shaft and two-shaft turbines; note interchangeability of parts. 
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verted readily from a single-shaft type to a two- 
shaft or free-power-turbine type. This feature 
makes the engine highly versatile. The single-shaft, 
constant-speed version is especially suited for driv- 
ing generators whereas the free-power-turbine ver- 
sion is used for variable-speed operation for boats, 
vehicles, or compressor. 


LIFE 


The problem of designing an engine of long over- 
haul period and ultimate life was basically simpli- 
fied by obtaining engine performance at moderate 
turbine-inlet temperatures. It would have been 
possible to make the engine somewhat smaller and 
improve the thermal efficiency by using tempera- 
tures higher than 1500 F. However, this value was 
selected with confidence that SFC objectives of 
0.63 Ib hp-hr could be attained, and, at the same 
time, a conservative temperature, coupled with low 
stresses, not only assured that the engine would 
have good durability but also provided a margin 
for future growth in ratings. 

Although the initial overhaul period required by 
the specification is a minimum of 2000 hours, the 
Saturn engine will ultimately achieve an overhaul 
period several times this figure. Design life of the 
carcass of the engine is unlimited, and the rotat- 
ing components, including the turbine, is in excess 
of 100,000 hours at continuous rated temperature, 
the practical limits of available metallurgical data. 
As an example, Figure 5 is a plot of stress-rupture 
life of the first-stage turbine blade, generally con- 
sidered to be the most critical component. The time 
to rupture is in excess of 100,000 hours. 
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STRESS RUPTURE LIFE (hours) 
First-stage turbine-blade rupture 
life 
Figure 5—First-stage turbine-blade rupture. 


Similar life characteristics apply to second and 
third-stage blading and the turbine disks as well. 
On this basis, it is expected that rotating com- 
ponents will be replaced only if physical damage 
occurs. 
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CONSTRUCTION 


The structural concept of the Saturn engine is 
somewhat unique in the engineering of gas turbines. 
With a few exceptions, contemporary machines 
have been designed in two extremes—either they 
are designed specifically to aircraft practices of 
highly sophisticated construction for light weight 
but short life, or they have been designed with the 
massiveness of industrial steam turbines to assure 
long life. 

Although a gas turbine of aircraft design can 
be modified and derated to obtain extra operating 
life, it is inherently delicate. On the other hand, 
detailed consideration of the factors affecting life 
(e.g., creep, relaxation, distortion, fatigue, and cor- 
rosion) does not substantiate that ultra-massiveness 
is the only solution for long life. Indiscriminate use 
of safety factors can lead to unnecessary structural 
bulk that introduce problems of thermal lag. Danger 
of distortion and consequently rubbing and binding 
of rotating parts with starting, stopping, and rapid 
load changes interferes with flexibility of operation. 

In keeping with the philosophy of getting there 
“fustest with the mostest.” Saturn engine con- 
struction is between the two extremes. Although 
designed for long life, it utilizes only enough 
material in its components to satisfy structural and 
thermal requirements. 

This approach has resulted in a design that makes 
no compromise with durability and performance 
yet meets the needs of marine and military re- 
quirements for flexibility in a lightweight, com- 
pact package. 

An important requirement of the design of the 
turbine was the capability of withstanding high 
shock loads to 33 g of the type experienced from 
near-miss explosions. In this regard the feature 
of the straight-through flow arrangement, which 
affords a uniform and symmetrical shape, is an 
ideal structure. In particular, scrolls in the com- 
pressor exit and turbine inlet were avoided thus 
eliminating asymmetrical aerodynamic loads and 
thermal effect inherent in this type of arrangement. 

The air inlet, compressor case, compressor dif- 
fuser, turbine case, and exhaust diffuser, and 
power-turbine bearing housing form the main struc- 
tural shell of the engine. These components are 
joined by bolts and flanges with piloting surfaces 
that maintain accurate alignment of the engine 
under all operating conditions of the engine. Rolled 
sheet-metal construction was used wherever it was 
practical in such components as the compressor cas- 
ing, the combustor outer casing, and the inner cas- 
ing of the combustor and the bearing support be- 
tween the compressor and the turbine. The ex- 
haust collector is also a sheet-metal stamping. 
Castings are used extensively where the part was 
unusually complicated for the welded construction 
and also for additional strength. Parts that are 
of cast construction include the compressor diffuser, 
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the turbine-inlet nozzle, second and third-stage 
nozzle, turbine-exhaust diffuser, and the power- 
turbine bearing support, as well as the compressor- 
inlet housing (which also serves as the accessory 
gearbox) and the main power reduction gearbox. 


AERODYNAMICS 


The practicability of a 1100-hp gas turbine in 
the tasks intended for it by the U.S. Navy depends 
to a great extent of achieving high performance. 
The best types of components, axial compressor and 
axial turbine were selected, and the extensive re- 
search data from NASA?‘ were applied. However, 
this did not assure success by itself in view of the 
small dimensional size of the machine. A 22 per 
cent thermal efficiency with a turbine-inlet tempera- 
ture of 1500° F and a pressure ratio of 6.6:1 called 
for component efficiencies beyond the state of the 
art for this size of power plant. The need for com- 
prehensive research and rig testing of all aerody- 
namic components was recognized in the beginning 
and was planned as an indispensable part of the 
project from which the final detail design was 
established. 

The compressor, turbine, air inlet, compressor 
diffuser, turbine diffuser, and combustor were 
tested individually and refined to produce design 
performance and proper matching to obtain opti- 
mum performance over the entire operating range. 
Matching received special attention since the power 
plant was to perform satisfactorily in both single- 
shaft and two-shaft versions. 


COMPRESSOR 


The compressor has eight stages of constant 
tip diameter. The first two stages are of the tran- 
sonic type without the customary inducers before 
the first stage. The original design utilized fully 
shrouded stators in all stages which were later 
modified to shrouded stators in only the first four 
stages, the remaining stators being cantilevered 
from the case. 

Design point efficiency of 86 per cent at 6.6:1 
pressure ratio was obtained with the very first 
build; however, it exhibited a poor low-speed surge 
line that was undesirable for starting and for low 
power performance of the two-shaft version. Hence, 
much of the rig testing was devoted to improv- 
ing surge-line characteristic without disturbing the 
excellent efficiency of the basic design. 

Construction of the compressor is simple and 
is made up of five major assemblies, i.e., compressor 
case, stator, rotor, air inlet, and diffuser. 

The compressor case is a rolled-sheet weldment 
of 17-7 PH steel with a machined bore and provi- 
sion for bleeding air at the fifth stage. A lateral 
split line was not used in order to maintain perfect 
roundness at all times and to allow mini-blade-tip 
clearance. Each stator assembly is made up of 
rolled - strip- stock vanes furnace-brazed into 


punched holes in the inner and outer shroud rings. 
The rotor assembly is of drum-type construction. 
It consists of eight rotor disks of AISI 410 steel 
piloted on one another and held together with a 
through-bolt. Hubs extend from the first and 
eighth¢stage disks to carry the bearings and sur- 
faces for the oil seals. Blades are cast in AISI 410 
pe are inserted into the rotor disks in dovetail 
ots. 

The air inlet is a one-piece aluminum casting 
that takes air in radially and turns it in the axial 
direction as it enters the first stage. This casting 
also supports the front roller bearing and accessory 
gearing. 

Air leaving the compressor is diffused in a one- 
piece casting (17-4 PH steel) which also serves as 
a backbone of the engine. The diffuser provides 
support for the aft-compressor thrust bearing and, 
by means of a tubular extension, serves as amount 
for the forward-turbine roller bearing. 

Since 17-7 PH, 17-4 PH and 410 steels used in 
construction of the compressor have small and 
similar coefficients of thermal expansion, minimum 
running clearances are possible. 


TURBINE 


The turbine is a three-stage high hub reaction 
design with a flared outer diameter. Since the 
turbine was to be convertible from a single-shaft 
type to a two-shaft type, design point of the third 
stage was fixed at the compressor speed of 22,300 
rpm on an 80° F day and the power was divided 
such that the first two stages drive the compressor 
while the third stage produces net horsepower. 
Blade design of the third stage was adjusted to ob- 
tain good efficiency when matched with loads re- 
quiring speeds below optimum power turbine speed 
line as a function of the gas-producer speed. Results 
of rig and engine tests showed that turbine design 
performance was not penalized in any way by mak- 
ing it convertible to either engine type. The turbine 
produced an isentropic total blade-path efficiency 
of 89 per cent at an entry-to-exhaust pressure ratio 
of 6.2:1. 

The design of the blading was similar to that 
advocated and tested by NASA with deviations 
from the NASA profiles to improve the performance 
of the turbine in off-design conditions. Turbine 
construction is straightforward and consists of four 
major assemblies; turbine casing, nozzles, rotors, 
and turbine diffuser. The case is machined from 
a cylindrical forging of AISI 347 alloy which forms 
a structural outer shell supporting the three turbine 
nozzles. All three turbine-nozzle diaphrams are 
cast in a single piece with the vanes integral with 
the inner and outer shroud rings. The first and 
second nozzle casting is made of Hastelloy C alloy 
while the third is cast in AISI 347 alloy. All three 
turbine rotors are machined as separate disks in 
A-286 alloy and connected to the shaft with a 
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throughbolt extending through from the third 
stage. Cast S-816 alloy is used for the first and 
second-stage blading while the third stage is forged 
of A-286 alloy. The blades are retained in the rotor 
rim by means of a conventional fir-tree mounting. 
To convert the turbine from a single-shaft to a 
two-shaft version, a shorter bolt is used to hold 
the first two stages together while the third stage 
is bolted directly to the output shaft. A diaphram 
replaces the inner stage seal of the third stage 
nozzle. 
BEARINGS AND SEALS 


Much consideration was given to the selection of 
main shaft bearings in the design. Where the longest 
possible overhaul period is desired, sleeve-type 
bearings are generally preferable. However, rapid 
starting and extreme cold-weather operation of 
marine and military applications dictated the use 
of antifriction, ball and roller bearings. As an 
emergency generator set in Navy applications, the 
Saturn engine must start, accelerate to rated speed, 
and deliver load within 10 seconds without prior 
preparation. Sudden and rapid acceleration does 
not permit time for full oil flow to reach the 
bearings and only antifriction bearings can perform 
reliably under these conditions. However, the 
Saturn was designed such that sleeve bearings can 
replace the antifriction bearings where starting con- 
ditions are less stringent. 


COMBUSTOR 


An annular type of combustor was chosen for 
the Saturn turbine because it offered the best 
solution in providing structural strength to the 
engine and at the same time simplies manufacture. 
It also provides maximum control of the radial tem- 
perature distribution to the turbine and minimum 
aerodynamic pressure losses. The design concept is 
conventional—an inner liner, fuel-injector nozzles, 
a fuel manifold, and an outer liner all enclosed 
in an outer casing that forms the structural con- 
nection between the turbine and the compressor. 

The manifold distributing fuel to the nine dual- 
orifice nozzles is mounted internally to prevent it 
from being damaged. 

The annular combustor makes the most of the 
space available. As a result combustion intensities 
were kept to below 1.5 million Btu-hr-cu ft while 
the pressure loss is only 2.5 per cent. 

To facilitate servicing the combustor, the outer 
casing can be disconnected from the turbine and 
compressor and moved forward over the compres- 
sor exposing the liner. The liner is made in two 
segments that can be separated to inspect the fuel 
nozzles or replace it without dismantling the en- 
gine. 

REDUCTION AND ACCESSORY GEAR 


The main reduction gear is designed to transmit 
1100 hp with an input speed from the turbine of 
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22,300 rpm and an output speed of 1200 to 1800 


rpm. 

Speed reduction is accomplished in a two-step 
modular gearbox, with planetary gearing in both 
steps. Overload factors of 1.5 for the primary and 
1.25 for the secondary gear are used in the design. 

The primary reduction is to 6000 rpm. This stage 
is built into the power-turbine bearing housing and 
is an integral part of the engine. 

The secondary gear is a self-contained unit that 
provides for a range of output speeds of 1200 to 
1800 rpm by the selection of ratios between the 
pinion and planet gears. 

Provisions are made to drive three accessories 
from the primary gear. In the two-shaft version of 
the engine, one of these pads drives a governor 
to prevent overspeeding of the power turbine. The 
other pads are for auxiliary oil pumps. 

Engine accessories are mounted on the back of 
the air-inlet housing parallel to the compressor. It 
is driven by a spur-gear train at the front of the 
engine connected to the main shaft through a 
splined quill. 

The gearbox has four pads, a starter mounting 
and a power takeoff. Accessories driven are fuel 
pump, governor, combination lube-oil pressure and 
scavenge pump, and tachometer. 


LUBRICATION SYSTEM 

The lubrication system, Figure 6 provides oil to 
all essential locations within the engine including 
accessory gearbox, main bearings, and reduction 
gear. The lube pump has a capacity of 22.5 gpm 
at 35 psi. A three-element scavenge pump drains 
all lubrication points to the extent that the engine 
can operate in an attitude of up to 30 degrees pitch 
or roll or combination of both. For marine applica- 
tion, the oil is normally cooled with a sea-water 
heat exchanger; however, an air-to-oil heat ex- 
changer can easily be substituted. A convenient 
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Figure 6—Saturn lubrication system. 
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feature of the gas turbine is that it is relatively 
insensitive to types of oil used as long as the oil 
has a low enough viscosity to be pumped and has 
adequate film strength for the reduction gear. 
Steam-turbine oils are commonly used although 
many other types including synthetics are very 
satisfactory. 


FUEL-CONTROL SYSTEM 


The fuel-control system, Figure 7, performs four 
major functions: 
1 It turns the fuel on or off. 


2 It provides a metered schedule for acceleration 
to rated engine speed during start. 

3 It establishes a minimum fuel flow to prevent 
flameout upon load removal. 

4 It regulates fuel flow for constant-speed opera- 
tion under load at a given throttle setting. 

In starting the engine, the fuel shutoff valve is 
automatically actuated by an electrical relay at 15 
per cent rated speed. During acceleration, com- 
pressor-discharge pressure is sensed by the fuel- 
control valve which meters fuel for proper accelera- 
tion to attain rated speed rapidly. Upon reaching 
rated speed, the fuel governor regulates the fuel 
flow to maintain constant speed at any load. The 
governor is a Woodward model PSG type which 
is a highly developed, flyball speed-sensing device 
with hydraulic amplifier to assure minimum 
hysteresis. For the two-shaft version of the Saturn 
engine, the throttle is connected to the governor 
speeder spring so that the governor may be set at 
various speeds between minimum idle speed and 
full rated speed. 

Although the fuel used in marine applications is 
ordinarily MIL-F-16884 diesel oil, the system has 
been designed to work with almost any type of fuel, 
including gasolines and jet fuels. 
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DEVELOPMENT 


Development of the Saturn engine involved few 
serious problems. Extensive rig running of com- 
ponents permitted correction of many deficiencies 
independent of the running of the engine on the 
test block. 

A problem detected early in the program was an 
unsatisfactory low-speed surge line of the com- 
pressor. While high-speed performance of the com- 
pressor was excellent, surge occurred at low pres- 
sure ratios in the region below 70 per cent speed 
as can be seen in Figure 8. Analysis of test data 
indicated that the highly loaded stages 3 and 4 
possessed unstable double-stall characteristics when 
the succeeding stators were built with inner shroud 
rings. Successive elimination of inner shrouds on 
stages 5, 6, 7 and 8 resulted in the attainment of 
single-stall pressure characteristic in stages 3 and 
4 with a much improved low-speed surge line (im- 
provement 1 in the figure). 
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Figure 8—Compressor surge-line modifications. The com- 
pressor was modified to improve starting, acceleration, and 
low speed performance. 


The surge line above 70 per cent rated speed was 
improved by bleeding air from the fifth stage. This 
effectively rematches the compressor by increasing 
the velocity ahead of stage 5 and reducing it to 
the stages following the bleed point. The effect is 
to reduce the degree of stall and choke in the 
front and rear stages at low and intermediate 
speeds respectively. The final surge line is indicated 
as improved 2. 

These two changes produced a surge-line charac- 
teristic that gave the engine a satisfactory margin 
for start and acceleration and at the same time 
improved compressor efficiency along the operating 
line in the lower regions as shown in Figure 9. 

During test-stand running of the first develop- 
ment engine, a crack appeared in a third-stage 
turbine blade after about 300 hr. The crack ex- 
tended from the trailing edge near the root and 
was analyzed as a typical fatigue failure. Several 
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blades on the third-stage rotor were instrumented 
with strain gages to determine the nature and ex- 
tent of vibratory stresses while the engine was in 
operation. These data revealed no unusual critical 
vibrations. However, data from laboratory fatigue 
tests on the cast INCO 713 blades showed a wide 
inconsistency in time to fail and indicated that a 
blade failure in the engine could be expected within 
300 hours. After evaluation of several alloys, manu- 
facturing techniques, and blade shapes, a satis- 
factory remedy was found in changing the blade 
to forged A-286 alloy and increasing the root-fillet 
radius and trailing-edge thickness. 

Some difficulty also was encountered with the 
contact-bearing oil seals. In spite of extensive rig 
testing, in which the spring-loaded axial-contact 
seals performed well, they did not come up to ex- 
pectation in the engine. Frequent leaks, caused by 
imperfect contact, brought about a change to a 
controlled gap-type seal. This seal, while not en- 
tirely leakproof, proved to be much more reliable 
and has been adopted in the final design. 

Development of the combustor, as usual, has been 
a process of cut and try. The problem of providing 
a good operating efficiency on diesel fuel without 
excess carbon was somewhat complicated by the 
necessity of being able to operate the engine for 
long periods of time over a full range of powers 
and speed settings from idle to rated RPM. Much 
work was done on a full-scale-combustor test rig 
followed by evaluation in the engine on the test 
block. The combustor represents the latest design 
as evolved from several forerunners. It performs 
well and has good life expectancy. 

Altogether, some 5000 hours of component rig 
testing on aerodynamic components and virtually 
every important mechanical part have been accu- 
mulated to date. This, coupled with more than 1500 
hours of engine running on two test engines, has 
resulted in a well-developed design. The relatively 
little trouble encountered in the engine-develop- 
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ment phase encouraged the initiation of a 1000 
hours endurance test, now under way. When com- 
pleted it will be the final step in the preparation 
of the Saturn gas turbine for service applications. 


FUTURE OUTLOOK 


The thousands of hours of component-rig tests 
and complete engine test-stand running have proved 
both the practicability of the basic concept and 
the specifications of this advanced engine. But 
however encouraging these results may be, the 
final proof of an engine comes only through actual 
service experience. A broad and rapidly expand- 
ing program of field applications is in its initial 
stages of execution. 

The first Saturn gas turbines to see service use 
are single-shaft engines used for electric-generator 
drive. A 600-kw set is presently being assembled 
for the Maritime Administration for use in a mer- 
chant ship. A similar 750-kw machine, Figure 10, 
has already completed a substantial portion of 1000 
hour shakedown test. Upon completion it will be 
disassembled, thoroughly inspected, and rebuilt 
before being placed aboard a Navy ship to provide 
ship’s service and emergency electrical power. 

The first split-shaft engines will go to sea in a 
heavy high-speed reconnaissance boat, Figure 11. 
Preliminary installation work is presently under 
way on the West Coast; and trial runs are scheduled 
for early autumn. These engines are later scheduled 
for installation in a large amphibious vehicle. This 
high-performance turbine is also especially advan- 
tageous for powering high-speed hydrofoils, for 
which light, high-powered marine prime movers are 
a must. 

Heavy off-highway equipment also requires en- 
gines in this power range. The quick starting and 
superior low-speed torque characteristics of the 
split-shaft gas turbine, plus the increase in payload 
that a light prime mover allows, are important 
advantages over the diesel engine for this use. Five 
of these engines are being built as prime movers 
for the U.S. Army Land Train. 

The oil industry has particularly demanding re- 
quirements for a combination of reliability, low 
maintenance, and portability in its field equipment. 
Easy and dependable cold-weather starting and a 
multifuel capability add to the flexibility of the 
turbine for this use. Two units of the present pro- 
duction run are scheduled for this type of service— 
one for the pipeline pumping and one for powering 
portable field equipment. 


SUMMARY 


The success of the Saturn engine-development 
program is attributed to strict adherence to the 
following principles: 

1 Careful aerodynamic design to attain high 
performance. 
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Figure 10—Saturn 750-kw generator set. This single-shaft engine drives an Allis-Chalmers 60-cycle, 450-volt, 3-phase, 
synchronous generator for shipboard use. 


Figure 11—Gas-turbine-driven boat in service with U. S. Navy. Solar 500-hp Jupiter engines are installed in the LCPL series 
of landing craft and have proven themselves in service. 
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Practical thermoelectric cooling devices for military and industrial ap- 
plications have now emerged from an extensive research and develop- 
ment program. These are "thermoelectric modules" for cooling electronic 
components, and other applications where compactness, silent operation 
with no moving parts, and a controlled cooling rate are desired. 

The modules are designed in a variety of shapes and sizes for simple 
mounting in any position when used with transistors, diodes, and other 
electronic components. The basic units can be physically paralleled to 
cool a large flat area, or stacked in series like building blocks for increased 


cooling. 


The need for an efficient cooling of electronic components stems from 
the rapidly changing electronic field itself. Of necessity, component parts 
have been miniaturized along with their associated circuitry to meet 
critical requirements of space, weight, and operating temperatures. 
Cooling of electronics equipment by present techniques is complicated 
by the non-uniform distribution of heat generated by certain compon- 
ents. The resulting "hot-spots" cause a severe heat rise in the compon- 
ent, and effectively derate the total equipment and limit its maximum 


operating temperature. 


Heat dissipating devices using ambient air improve the heat transfer 
from the critical components, but these techniques can only limit the 
temperature rise of the components above ambient temperatures. They 
cannot cool the component below ambient temperatures. 

Thermoelectric cooling, on the other hand, provides a lower local tem- 
perature environment for electronic components. As a result, the prob- 
ability of early component failure due to “hot-spots" can be significantly 
reduced, and equipment can be operated in higher ambient temperatures 


with greater reliability. 


The heat-pumping capacity (rate at which heat can be removed from 
the cold surface of the module coolers) depends on the temperature dif- 
ference between the hot and cold surfaces of the cooler, and on the 
power input to the unit. To supplement the heat rejection capacity 
of the module, air or liquid cooling can be applied to the "hot" side of 
the thermoelectric cooler. The exact amount and type of this cooling will 


affect the heat-pumping a 


and ultimate temperature of the cold 


surface temperature of the module. In general, the modules require power 
at high input currents and at low voltage. The current must be supplied 
from a dc source or a filtered rectifier output. 
—from—WESTINGHOUSE ENGINEER 
May 1960 
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SOME BENEFICIAL EFFECTS OF RADIATION 


THE AUTHOR 


graduated from the Naval Academy in 1952 and served a year on an attack 
transport in the Pacific. His next four years were spent aboard the subma- 
rines DOGFISH and SARDA with the Atlantic Fleet. At the present he is 
taking the Naval Construction and Engineering course at M.I1.T. in Cam- 
bridge, Massachusetts. 


| THE ADVENT of the reactor, radiation was 
of interest in only limited medical applications. The 
Second World War with nuclear bombs accelerated 
and heightened this interest. Great research pro- 
jects were begun to determine the effects of radia- 
tion on plants, animals, and human beings. Follow- 
ing closely on the heels of the development of 
nuclear bombs was the operation of the first success- 
ful reactor. Wigner predicted that radiation would 
also have serious effects on structural materials, and 
research has proved him to be right. We are present- 
ly on the threshold of a new field of research, that 
of the effects of radiation on reactor materials. 
When one considers the radiation resulting from 
a nuclear reaction, it is usually considered to be 
destructive. Certainly in most instances the resulting 
effects of radiation are deleterious. There are in- 
stances, nevertheless, where radiation or nuclear 
decay products have proven themselves useful, but 
to date these beneficial effects have been limited to 
the medical field. Perhaps the question of why do 
we always associate damage with radiation should 
be asked. With the advent of the reactor and con- 
trolled radiation, research may give us a new insight 
into the effects of radiation on various materials. 
Research has shown that there have been numerous 
instances where radiation has actually brought 


about some beneficial changes. The temperature 
stability of polyethene is improved by electron 
bombardment, and an increase in mechanical prop- 
erties of most metals after irradiation are two 
examples of desirable changes due to irradiation. 
It is the purpose of this paper to discuss the bene- 
ficial effects of radiation on metals, keeping in mind 
that not all the effects of radiation are beneficial. 

In considering radiation, it might be worthwhile 
to dwell for a moment upon its meaning to various 
interested parties. Billington in his paper’ states: 

“Radiation damage is somewhat unique in that it can be 
considered in so many different ways: 

—The materials engineer views the field simply as an 

additional environment factor to be considered. 

—The metallurgist sees it as another technique for alter- 
ing the properties of a metal or alloy. It belongs in a 
category with cold-working, alloying, and heat treating. 

—The physicist considers it as a portion of the larger 
field of defect solid state. 

—tThe chemist sees a technique for altering the course of 
chemical reactions. 

—The safety engineer sees another potential hazard. 

—There is truth in all these viewpoints.” 

In the discussion that follows, the interests of the 
metallurgist will be considered. Although this may 
seem restrictive, it is along these lines that present 
reactor development is progressing. Thus, many of 
the practical applications of radiation apply to the 
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metallurgist. In any discussion of radiation, some 
important aspects of the difficulty of obtaining data 
must be discussed. At the present stage of reactor 
development, difficulty is encountered in obtaining 
test sites for experimentation. It must be kept in 
mind that close inspection of test pieces is impossible 
during actual tests. Our present static and dynamic 
tests of metals can be closely observed and super- 
vised. Readings can be taken frequently, and ad- 
justments made to the test conditions. Compare this 
with irradiation tests where the test piece is placed 
in a reactor. A measurement of flux at any point in 
the reactor is only an estimation. Close inspection 
of the piece during the test is impossible. Upon 
completion of the test, a cooling off period must be 
allowed before the test piece can be inspected, or 
subjected to the conventional static and dynamic 
tests. It is still unknown whether any changes in 
the metal take place during this cooling off period. 


Therefore, there is still a great deal to be learned 
about radiation, and its effects on metals. Most of the 
discussions on the subject stress the point that the 
conclusions reached are only theoretical, and that 
subsequent tests may not bear the theory out. The 
theory, as put forth by the physicist is sometimes 
difficult to follow, and is still not in closed form. 

A metallurgist approaches the problem from a 
practical point of view. He cannot observe the 
changes in the metal as they occur in the reactor, 
but he can analyze the resultant product. Taking a 
piece of reactor structural material, the metallurgist 
measures its properties—of yield strength, tensile 
strength, hardness, ductility, and density. With an 
awareness of the mechanisms which cause changes 
in materials, an explanation can be made. The de- 
creased ductility with increases of yield strength can 
be explained by interstitials, and locking of dis- 
locations. 


INTERSTITIALS 


.n a solid, the atoms are arranged in an orderly 
array. Under external loads the solid has preferred 
planes of sliding. If the external load becomes large 
enough, the solid will deform by slip between the 
preferred atom planes. It is logical that if another 
atom is placed between the slip planes, it will impede 
the motion. If enough atoms are placed between 
the slip planes it could stop the motion. This is the 
effect of interstitials on solids. Similarly, the substi- 
tution of another atom in place of the regular atom 
of the solid, displaces the regular atom to a possible 
interstitial position. The net effect of these inter- 
stitials are increased resistance to movement as oc- 
curs in aging, or solid solution hardening. Due to 
neutron bombardment, regular atoms of metals can 
be displaced to interstitial position. Fission frag- 
ments in reactors can also distort the regular atom 
spacing. 


556 A.S.N.E. Journal, August 1960 


AVALLONE 
—> 
r t 
© 0 0,0 
(ome) 6 external load 


LOCKING OF DISLOCATIONS 
Describing a dislocation: in words would be diffi- 
cult, but the presence of dislocations causes slip, and 
deformation of solids to occur at lower than pre- 
dicted stresses. 


under load load removed 

O 

oc 


The application of an external load results in the 
atoms in the lower section just shifting over one 
lattice spacing. The dislocation then ends up having 
moved two lattice spacings to the right. Now con- 
sider interstitials to be present. Due to the dis- 
tortion of the lattice spacing around the dislocations, 
there is a tendency for interstitials to migrate to 
this region. Such an arrangement of interstitials 
anchors the dislocation. The net result is an in- 
creased resistance to motion or increased tensile 
strength and reduced ductility. 

The discussion of dislocations has been greatly 
simplified with no mention being made of the types 
(edge, as shown, or screw) of dislocations. Neither 
has any attempt been made to consider the genera- 
tion of new dislocations (Frank-Reed source) which 
occurs during working of the piece. The important 
point is that the anchoring of dislocations which 
occur in metals when alloyed, may partially explain 
the changes in mechanical properties which accom- 
pany irradiation of metals. 

Although the metallurgist can explain how metals 
can be strengthened, it is up to the physicist to 
explain how the changes are brought about in the 
reactor. As stated earlier, the atmosphere in the 
reactor under which the changes are occurring do 
not lend themselves to close observation. Even under 
ideal laboratory conditions, it is extremely difficult 
to determine what happens to particles the size of 
fission fragments. R. D. Evans* sums up the entire 
situation: “Theoretical discussions of the mechan- 
isms of energy loss by very heavy particles have 
been given by Bohr and others. These theories are 
quite approximate in character, but they serve to 
outline the main physical processes, and are in 
sufficiently close agreement with experiment to 
suggest that the gross physical behavior of very 
heavy particles is understood.” 

Radiation damage originates from the interaction 
of energetic radiation and matter. This interaction 
displaces atoms from their equilibrium positions, 
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and places them in non-equilibrium positions. Radia- 
tion introduces impurity atoms either through radio- 
active capture and decay, or by inclusion of fission 
fragments. The breaking of chemical bonds, and the 
formation of free radicals also occurs. 

It would seem logical to combine the theories of 
the physicist with the knowledge of the metallurgist. 
One of the major overall results of radiation on non- 
radioactive elements is the introduction of inter- 
stitial atoms. Such an occurrence seems logical to 
the metallurgist, and would explain the strengthen- 
ing of metals. The resulting reaction of radiation 
on non-metals can also assume “logical” explana- 
tions from the viewpoint of the chemist, and the 
solid state physicist. 

From the metallurgical viewpoint, no assumptions 
are made about the end results. When subjected to 
tests, the metal shows mechanical properties that 
are different from those that the test piece had 
before irradiation. Of course, cost of research is the 
one great road-block which accompanies the diffi- 
culties already discussed. In spite of the many road- 
blocks, the metallurgist must seek out the answers 
to the irradiation riddle if reactors with a long life 
expectancy are to be built. 

The beneficial effects of radiation on metals may 
be considered under two conditions: 

1. Continuous irradiation as occurs in a reactor. 

2. Irradiation for the purpose of improving particular 

properties of a material. 

Of particular importance to the metallurgist at 
the present time are the materials used in reactor 
construction. A brief discussion of the presently 
available data for fuel, fuel cladding, and structural 
materials plus other materials will be presented. 
Uranium serves as the fuel for most present-day 
reactors. Uranium has three allotropic transforma- 
tions. Alpha uranium is stable to 662° C, beta from 
662° C. to 769° C. and gamma is stable from 769° C. 
to the melting point at 1133° C. Alpha uranium is 
orthorhombic in structure and exhibits anisotropic 
properties (i.e. properties which are highly depen- 
dent on direction). Consequently the dimensional 
stability characteristics under irradiation of alpha 
uranium are extremely poor. Gamma uranium is 


body centered cubic, and is isotropic. When alloy- 
ing elements are added to gamma uranium, and the 
resulting mixture is rapidly cooled below the equi- 
librium temperature, metastable super-saturated 
solid solution structure of the gamma phase results. 
Tests have shown that the changes that occur in 
uranium during reactor exposure are probably 
caused by a combination of effects from radiation 
and thermal cycling. These effects cause the follow- 
ing changes in uranium: ° 

. .. “density decreases slightly, hardness increases, ther- 
mal conductivity is decreased by about 10%, ductility is 
markedly decreased, ultimate strength is decreased, and the 
yield strength is increased.” 

In reference 6, Weber suggests that these changes 
are associated with the alpha-phase of uranium. It 
is felt that if it were possible to maintain uranium 
in the metastable gamma-phase, many of the harm- 
ful effects of uranium could be reversed. It has 
been found that it is possible to retain the meta- 
stable gamma-phase with alloying. The big draw- 
back of this method would be the presence of the 
second metal in the fuel element, and relatively 
large amounts of the alloying element are required 
to stabilize the gamma-phase. It was also felt that 
the metastable gamma phase would decompose in 
the reactor because of the prolonged heating, and 
the thermal cycling accompanying reactor opera- 
tion. 

A 9 percent by weight alloy of molybdenum 
cooled rapidly from 600° C. is a homogeneous solid 
solution of molybdenum in gamma uranium, An- 
nealing the fuel elements (100 hours at 500° C.) 
transforms the solid solution into a heterogeneous 
mixture of alpha uranium, and an intermetallic 
compound epsilon.” Tests run on both fuel elements 
are presented in Table I. 

Table I shows that no changes take place in the 
gamma-phase alloy placed in the reactor and ir- 
radiated. Also of interest—the heterogeneous an- 
nealed alpha-phase alloy transforms to the homoge- 
neous gamma-phase alloy by being irradiated. 
Therefore, the alloys can be formed, quenched, an- 
nealed, and placed in the reactor for service; irra- 
diation will transform the alloy to the desirable 


TABLE I 
Properties of Uranium Alloys under Irradiation 


Thermal coefficient 


Specific electrical of electrical 


Quenching (homoge- 
neous state) 
Before irradiation 17.26 0.686 0.01 Homogeneous 
After irradiation ..... 17.23 0.682 0.01 Homogeneous 
Quenching, anneal- 
ing at 500° C for 100 hr 
(heterogeneous state) 
Before irradiation 17.35 0.531 15 Homogeneous 
After irradiation ..... 17.20 0.682 0.01 Homogeneous 
Same as 2nd case 
Before irraditaion 0.523 1.14 
After irradiation 0.603 0.39 
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BENEFICIAL RESULTS OF RADIATION AVALLONE 
Taste Il—Radiation Effect of Properties of Various Alloys 
Rock 

no. strength (psi) strength (psi) _—_strength 

Pre Post Pre Post Pre Post 
8F 40F 18,000 23,000 20,000 27,000 0.9 0.85 
18,000 31,000 36,000 37,000 05 0.84 
Normalized carbon steel .................. 50,000 93,000 75,000 97,000 0.67 0.96 
Hardened and tempered alloy steel ....... 153,000 196,000 164,000 198,000 0.93 0.99 
Austenitic stainless steel .................. 81B 99B 37,000 97,000 98,000 115,000 0.38 0.84 


gamma-phase alloy. Additional research® has shown 
that uranium-niobium alloys react the same way as 
the uranium-molybdenum alloy. Thus, irradiation 
of the metastable gamma-solid solution renders it 
stable at all temperatures while under irradiation, 
and hence the better dimensional stability charac- 
teristics of gamma uranium are achieved. It should 
be pointed out that the annealing following the 
quench is not required, and was included in the 
experiments of Konobeevsky, Pravdyuk, and Ku- 
taitsev only to give them an alpha phase. Obviously 
the elimination of an expensive heat treatment is 
always desirable if the process is to be commercial- 
ized. 

The experiments pointed up the need to use 9 
percent by weight of molybdenum as an alloying 
element. Additional metallographic experiments 
have shown that 10 percent by weight of molybden- 
um forms a stable gamma-phase even without 
quenching. 

In considering cladding and structural materials, 
there are no anisotropic forms to contend with. Ir- 
radiation of the presently used materials generally 
results in increased hardness and yield strength 
with an accompanying reduction of ductility. These 
property changes seem “logical” when considered 
in terms of interstitials and locking of dislocations. 
The reduction of ductility is an undesirable change 
for those materials used for cladding. This is be- 
cause of the gas agglomeration which accompanies 
the irradiation of uranium. Gas agglomeration is 
caused by the release of fission product gasses 
which cause swelling when they accumulate in 
pockets in the uranium. Thus, the cladding serves 
to retain the fuel and prevent radioactive contami- 
nation of reactor coolants. It is reasonable to as- 
sume, however, that by proper design, a harder, 
stronger material can be considered an asset in 
spite of its reduced ductility. Beneficial effects from 
irradiation to reactor cladding, and structural ma- 
terials are likely to be realized in the future when 
reactor designers take advantage of some of these 
changes. Table II shows some of the changes in me- 
chanical properties resulting from irradiation.‘ 

The results show marked increases in yield and 
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tensile strengths with accompanying increased 
hardness as a result of irradiation. If cost is no con- 
cern one area for utilizing the beneficial effects of 
radiation lies in its use as a substitute for cold work 
to increase hardness and strength. Irradiation may 
also be used as a means of producing a form of age- 
hardening in certain alloys. 

A large number of aluminum alloys have been 
tested to determine the effects that irradiation has 
on their mechanical properties. Saller in reference 
4 has tabulated these and the results are shown in 
Table III. 

Results of the tests showed that the annealed ma- 
terial decreased in ductility after irradiation; ap- 
parently the loss was not as great as would be ex- 
pected ir alloys strengthened by cold rolling. Those 
alloys that were hardened by heat treatment or de- 
formation prior to irradiation showed no loss of 
ductility. This might be interpreted as indicating 
that irradiation produces only a limited reduction 
of ductility. Another possibility is that a long period 
of irradiation is required to decrease the ductility 
beyond that induced by conventional methods prior 
to irradiation. Note that in some cases a slight gain 
in ductility was observed. Age-hardenable nickel 
alloys (Hastelloy G and K Monel) can be irradiated 
with an actual increase in ductility. 

The possibilities of using irradiation on age-hard- 
enable alloys seems promising indeed. Of course, 
this has not been done commercially, because of the 
great cost involved. Future prospects would seem 
promising in handling special shapes, or where in 
hardening, conventional heating or mechanical 
working are not feasible. It must be realized, how- 
ever, that any hardening by irradiation is expen- 
sive, and will undoubtedly not be used commercial- 
ly for some time to come. 

Another interesting field of irradiation develop- 
ment is that of semi-conductors. References 11 and 
12 present summaries of the work that has been 
accomplished in this field. Irradiation of n-type ger- 
manium semi-conductors change their electrical 
conductivity. Initially the conductivity decreases. 
Upon further irradiation it passes through a mini- 
mum, and begins increasing. The minimum and sub- 
sequent increase in conductivity is considered to be 
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I]]—Neutron-Irradiation Tests on Aluminum Alloys 


Material* Temper = 
Cu Cr Fe Mn Zn Others 
H 14—strain hard- 
ened (half-hard) 
O—annealed 2.50 0.10 0.25 0.45 0.10 0.10 0.15 
H 34—strain hard- 
ened and stabi- 
lized (half-hard) 
O—annealed 1.00 0.27 0.35 0.70 0.15 0.20 0.15+ 
T 6—solution an- 
nealed and aged 
in thickness 3.50 0.10 0.25 0.50 0.10 0.10 0.15 
1100-O Control 8 6,800 + 180 13,600 + 320 38.2 + 3.2 
Irradiatedt 25 17,100 + 890 26,000 + 2,000 212:+ 12 
1100-H 14 Control 8 16,600 + 250 17,300 + 460 6.0 + 06 
Irradiated 22 24,000 + 450 26,000 + 380 $5 = 12 
5052- Control 7 14,700 + 670 29,200 + 450 34.0 + 3.4 
Irradiated 22 22,900 + 540 37,400 + 490 30.6 + 42 
5052-H 34 Control 7 29,500 + 800 36,000 + 700 14.2 +:23 
Irradiated 21 36,400 + 1,000 44,700 + 1,200 140+11 
6061-O Control 8 9,460 + 200 18,050 + 240 28.8 + 28 
Irradiated 25 25,600 + 460 37,300 + 400 22.4 + 08 
6061-T 6 Control 8 38,500 + 740 45,000 + 320 175 +10 
Irradiated 23 44,400 + 670 50,600 + 540 16.2 + 0.7 
5154 Control 8 47,800 + 450 54,700 + 500 88 +11 
Irradiated 17 50,800 + 460 57,800 + 510 125 + 06 


svecimens were 0.032 < 0.250 X 0.500-in. gage length; 5154 specimens were 0.062 in. thick. 


*The first three 
tAlso includes 0.60% silicon -_ 0.15% titanium. 
tAll samples were irradiated in 


the MTR at Arco, Idaho, for a total Pangemee on irradiation of 1.26 x 10% _— with an estimated 
fast-neutron exposure of 1 X 10° n/cm?. Samples were water cooled to 


maintain a temperature around 150°F 


evidence that p-type semi-conductors are formed. 
At any rate a measure of electrical conductivity 
could be used as a measure of the irradiation re- 
ceived. Reference 14 gives a specific example of 
where the speed of response of electrical impulses 
on a semi-conductor was improved by exposure to 
a fast neutron flux. This change was apparently 
permanent, and does not become altered by being 
removed from the neutron flux. These beneficial 
radiation effects on semi-conductors also suggest 
possible use as dosimeters. Changes in the electrical 
properties of semi-conductors also open up possi- 
bilities of using these materials to control electronic 
equipment in the radiation field. Many of the elec- 
trical changes induced in germanium and silicon 
can be removed by heat treatment. Heating at 
450° C. for 24 hours practically restores the original 
conductivity of the device before irradiation. 

Some beneficial effects of irradiation on materials 
used as catalyst has been noted. Most of the re- 
search on catalytic effects has been done with metal 
oxides because the radiation effects anneal out less 
rapidly than the effects in metals. Since many of 
the metals and metal oxides of catalytic interest 
show semi-conductor behavior, there have been at- 
tempts to relate the radiation-induced changes in 
electrical properties of these materials to the change 
in catalytic properties. Certain of these oxides after 


irradiation are catalysts for hydrogenation and de- 
hydrogenation reaction. Not very much information 
is available on the effects of radiation on the cata- 
lytic activity of metals. Research in 1925 showed 
that irradiated platinum gave better yields in the 
contact process for sulphuric acid production. An- 
other example is the increased activity observed in 
the hydrogenation of ethylene when using irradi- 
ated nickel as a catalyst. 


Brief mention should be made of some beneficial 
effects being obtained in non-metallurgical applica- 
tions of irradiation. One such application is the 
effect on polymers. Modification of polymers by 
radiation appears to have commercial possibilities, 
but insufficient data and the cost of radiation, block 
most large-scale applications. Effects that have been 
observed include changed mechanical and electrical 
properties and controlled molecular weights. More 
specialized applications of promise are rubber vul- 
canization without the use of chemical agents, and 
foamed insulating materials. 

The marked changes in properties of many long- 
chain polymers after irradiation arise primarily 
from the rearrangement of their bond structure. 
Prior to irradiation, the polymers are bound to each 
other by weak Van der Waals forces. The effect of 
radiation exposure follows one of two paths. It 
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may fracture side chains and form radicals, which 
eventually combine to link adjacent molecules to- 
gether: this is called cross-linking. The other re- 
sults of irradiation is fracture of the main chain and 
reduction of molecular weight: this is called deg- 
radation. Cross-linking is of great importance be- 
cause of its industrial potential, while degradation 
is of considerable scientific interest, but of much 
less commercial significance.’ 

Among the polymers that cross-link as a result of 
irradiation, polythylene, has received by far that 
most detailed attention. A rubber-like product re- 
sults which has a higher tensile strength and elastic 
modulus, both of which increase with density of 
cross-linking (irradiation). This irradiated polymer 
remains solid at temperatures above the melting 
temperature of the unirradiated polythylene, so it 
can be used at higher temperatures. 

Rubber can be cross-linked by irradiation. The 
product is similar to conventionally vulcanized rub- 
ber, but does not require the chemical vulcanizing 
agents. The cost of this process is still very high. 
One advantage of this technique is that different 
degrees of vulcanization can be given readily to 
different parts of the same specimen. 

Another important field for irradiation is for the 
sterilization of biological systems. Several large 
drug firms find that this process of cold sterilization 
of their products is more economical and convenient 
than the more conventional methods. In the not too 
distant future we may see fresh foods on display in 
bacteria-free containers without refrigeration. The 
bacteria which cause food to spoil have been killed 
by irradiation, and since no more can enter, spoil- 
age cannot occur. While this process is expensive, 
its immediate application to remote areas where re- 
frigeration is non-existent or very expensive, be- 
comes evident. Its advent would bring marked 
changes in the storage, handling, and transportation 
of foods. Its application to the Armed Forces is ob- 
vious, but up to now results in the field have been 
limited to extensive research in conjunction with 
the major meat producers in the country. It is an- 
ticipated that radioactive waste products from reac- 
tors would provide the source of the high intensity 
gamma radiation needed to irradiate fresh foods. 
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The one major drawback to the program now, is 
that many of the irradiated foods suffer a taste and 
color change of different degrees of magnitude. The 
food product itself is perfectly good, and entirely fit 
for consumption, but it does not look or taste the 
same as the unirradiated product.* 

From the research that has been completed thus 
far, irradiation treatment of materials for special 
purposes would seem to offer the best commercial 
application. Due to the mass production of metals, 
and the extremely high cost accompanying irradia- 
tion, it will be some time before any commercial 
interest for large scale metal processing will be car- 
ried out. The use of irradiation to produce special 
semi-conductors, catalysts, polymers, and rubber 
may be worthwhile even with the high cost. At any 
rate the point to remember is that all radiation 
effects are not harmful. 
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a IS HARDLY too much to say that there is a de- 
pressed area in the science of naval architecture. It 
covers the many relatively small but heavy dis- 
placement craft that run in the speed range lying 
approximately between speed-length ratios 1.2 and 
2.0. Or perhaps we should say there was a de- 
pressed area. In late years there has been a little 
in the way of slum clearance operations, due to the 
work of the Fisheries Division of U.N.O.’s Food and 
Agricultural Organization. It is true that they are 
concerned exclusively with fishing craft; but the 
basic hydrodynamic problems involved in the de- 
sign of near and middle ground fishing vessels are 
at least closer to the many encountered in other 
classes of small craft than are those solved by 
standard naval architecture devoted to ships. Still, 
as one well-known architect wrote to me lately, 
the non-planing V/V L=1.2-2.0 category is 
about the most unsatisfactory to deal with that it is 
possible to think of.” 

The speed range mentioned above should be 
noted. We are not concerned with planing craft. 
For various obvious reasons this branch of naval 
architecture has been excellently served technical- 
ly. The craft of interest to us have displacement- 
length ratios of up to 300, and the speed-length ra- 
tio of a destroyer, whose displacement-length ratio 


is perhaps less than 50. In terms of general naval 
architecture they are ludicrously over-driven. The 
specific resistance of the boat is perhaps 60 times 
that of the ship. The combination she presents of 
great bulk and high relative yet non-planing speed 
means that she is operating under hydrodynamic 
conditions affecting resistance, stability, motion, and 
action in a seaway, about which few conclusions 
can be drawn with certainty from the data provided 
by general naval architecture. 

These hydrodynamic conditions are suggested, 
though no more, in Figure 1, taken from Rolland’s 
paper “Some Notes on the Resistance of High Speed 
Vessels” published in Montreal in 1957. It shows for 
a displacement-length ratios of 40 and 140 the pow- 
er requirements between V/V L=1.2 and 1.6. The 
crucial feature of the curve is of course the violent 
hump in the §=140 curve beyond V/V L=1.4, and 
this would be much exaggerated for a displace- 
ment-length ratio of 300 or so, which would be more 
realistic for the many types of small craft which 
are our concern. But the diagram is based on Tay- 
lor’s Standard Series, which caters for no greater 
displacement-length ratio at the speeds shown. This 
leads us straight to one capital problem in the naval 
architecture of small craft. 
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SMALL CRAFT 


SHPBLDG. AND SHPNG. RECORD 


VIVE 
Figure 1. The sudden rise in power requirement with in- 

crease in displacement-length and speed-length ratios. 


TANK TESTING 


There is no drawing table method of calculating 
even so basic a feature as power and speed. Tank 
testing is the only solution to the problem. The 
range of Taylor’s Standard Series data is wide, and 
nothing to compare with it has been achieved dur- 
ing the subsequent half-century. But even the Tay- 
lor series let us down where we can least afford 
gaps in the data, for though the resistance figures 
were extended up to a speed-length ratio of 2.0 in 
the 1943 edition, they apply only to a displacement- 


length ratio of 50. Resistances up to V/Y L=1.6 are 
given for a displacement-length ratio of 100 and up 
to 1.3 for a displacement value of 150. We may be 
concerned with displacement-length value of up to 
300, and at speed-length ratios of as much as 1.5 
and more. 

Extrapolation in the displacement-length range is 
perilous, resistance per ton being peculiarly sensi- 
tive to the displacement at the higher speeds, as 
Figure 1 indicates. Also, and equally important, in 
spite of the continued value of Taylor’s work for 
qualitative purposes the basic hull form is not par- 
ticularly good by contemporary standards at any 
speed, and it is particularly bad at the higher speeds 
above V/V L=1.34. 


Figure 2 is taken from my Naval Architecture of 
Small Craft, and shows the resistance of a 62 ft. hull 
of displacement-length ratio 300 for speeds between 
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Figure 2. Comparison of power curves for a 60 ft. boat 
derived from tank tests and from Taylor’s Standard Series 
calculation, 


6-91 knots, corresponding to V/V L=0.75-1.25, 
worked from Taylor’s Standard Series with the 
necessary extrapolation. The curve derived is com- 
pared with the resistances obtained for the same 
hull in model tests at the N.P.L. The extrapolation 
was considerable, though less than is often needed 
with the smaller craft, and the results I confess are 
not quite as bad as I had expected; but the consid- 
erable over-estimate of the resistance at the higher 
speeds is significant: also, I would not trust to ob- 
tain even this degree of correlation twice running, 
and the highest speed concerned gives V/V L=1.25 
only. 


NEED FOR STANDARD SERIES 


There is definite need today for a standard series 
being run, analogous to Davidson’s U.S. E.M.B. 
Standard Series for planing craft, but applicable to 
displacement vessels running in the 1.34-2.0 non- 
planing range. The hull being of transom stern type 
suitable for the speed and of displacement-length 
ratios running up to at least 200 at the top of the 
range and 350 at the lower end. The transom should 
be slightly immersed when the hull is at rest and 
the run of the buttock lines of the after body shal- 
low in their angle of incidence. But the form should 
be one in which the harmony between bow and 
stern necessary for good steering qualities has been 
assured. Here again we run head-on into a crucial 
question in our branch of naval architecture. 
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Speeds of V/V L=1.3-1.5 are common and many 
types of boats, especially launches for carrying pas- 
sengers and certain types of yachts, are powered 
for speeds of V/V L=1.6-1.8. In the slower fishing 
craft it is found difficult to achieve a low enough 
prismatic coefficient without fining the ends of the 
hull to a degree that makes the boats too sensitive 
to changes in fore and aft trim, and boats with the 
low optimum coefficient for good resistance quali- 
ties have proved poor at sea. 

The reverse problem of obtaining the necessarily 
high prismatic coefficient for the greater speeds 
presents different problems, involving seaworthi- 
ness and steering in seas on the stern and quarter, 
about which there is much guessing but relatively 
little that can be called good data. 

At the speeds concerned a fine angle of entrance 
is essential, as low as 10 degrees if possible, though 
it rarely is with the broad hulls concerned, and the 
small angle should be carried a reasonable distance 
above the static waterline. Then, to obtain the nec- 
essarily high prismatic—0.63 to 0.70—shallow 
angled buttock lines and a fairly broad transom 
immersed at rest and maintaining good breadth at 
the static waterline are essential. We are then faced 
with some yet unanswered questions about sea- 
worthiness. Any great excess of buoyancy aft com- 
pared with that forward appears liable to cause 
broaching in following seas and is certainly the 
cause of dangerous wetness forward. If the dichot- 
omy between forebody and afterbody is unduly 
pronounced a boat becomes so sensitive to weight 
forward that in even a small coastal sea, passengers 
and weights have to be moved far aft to avoid the 
foredeck being regularly washed down. This fault 
has been common in a number of contemporary 
craft of up to 70 feet in length. 

But how much do we really know about this type 
of hull in a seaway? So long as a hull is given ade- 
quate reserve buoyancy forward, by means of bold 
flare and possibly a knuckle above the waterline, 
how broad may we safely make the transom, and 
how smooth the after buttock lines, without intro- 
ducing dangerous steering tendencies in a seaway? 
The reigning principle is that the stern should be 
fairly fine for good seagoing performance, though 
it is recognized that the transom stern is a perfectly 
seaworthy type. Architects have developed various 
forms of it in their efforts to combine the depth and 
fullness that helps them to achieve the necessarily 
high prismatic coefficient and the fineness above the 
waterline that is assumed to obviate a severe yaw- 
ing tendency. This latter view is supported in a re- 
cent report from the David Taylor Model Basin: 
“The narrow stern is also considered to be much 

superior to the wide stern in the dangerous follow- 
“ag sea condition.” 

The question is, How Wide? It is suggestive, for 
xample, that in a series of tests undertaken by 
Commander Peter Du Cane and published in the 


Wageningen “Symposium on the behaviour of ships 
in a seaway” that the widest sterned of the models 
showed the least tendency to broach. And this 
would appear to have been due to the greater area 
of deadwood that this boat had. Perhaps deadwood 
area is more important than the details of stern 
shape? 
STABILITY 


There is another important respect in which small 
craft have to be treated differently from ships, and 
that is in the matter of stability; but here again our 
knowledge is qualitative rather than quantitative. 
The aphorism that lack of stability stabilizes the 
ship is well known, and the effect that excessive 
GM has of reducing the period of roll and increas- 
ing accelerations leads to the choice of no greater 
metacentric height than the minimum necessary for 
safely under all conditions. 

It seems that with small craft we can approach 
the problem from an entirely different angle. Ex- 
perience has indicated again and again that high 
GM may produce a less and not a more violent mo- 
tion, while vessels in which the height of GM has 
been restrained on big ship principles develop such 
violent rolling that little work can be done on board 
in a seaway. This at least is a fact convenient to the 
architect, for with the smaller craft he usually 
wants as much stability as he can get. 

The reason would seem to lie in the difference 
that usually exists between ships and craft of 100 
feet or less in their respective relationships between 
rolling period and the period of encounter in a sea- 
way. In vessels of the sizes with which we are con- 
cerned, rolling periods may be as short as 3-5 sec- 
onds. Except when taking the seas close on the bow 
the period of encounter for small craft on most 
courses in average coastal seas may exceed the nat- 
ural rolling period, and they will roll in the period 
of the seas. It would seem to be an advantage for 
small craft to have rolling periods short enough to 
be less than the usual periods of encounter; while 
efforts to reduce GM values may result in natural 
rolling periods unpleasantly close to synchronization 
for seaways of the character in which they usually 
operate. For it is unlikely that the rolling periods 
of small craft can be made long enough to exceed 
by much the period of bad coastal seas. But it will 
be evident that there is much lacking in our infor- 
mation and little guidance for design. 

It has been said that it is hard to design a really 
bad propeller. Yet craft often appear from the 
boards of celebrated architects which mysteriously 
fail to make their intended speed by many knots; 
and suspicion then first falls on the propellers. I 
know that many vessels have had their propellers 
specified, at the request of the architect, by the 
engine makers, many of whom have no staff to cope 
with such matters, and who choose a suitable screw 
on the pick and pluck principle. 

We have not space here to deal with the many 
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uncertainties in propeller design that the architect 
of small craft is faced with, though it may be men- 
tioned that the whole question of wake fractions is 
vague, and there are a number of factors in which 
the probable errors of estimation have a nasty ten- 
dency to be in the same sense and lead to a cumu- 
lative error that results in over-pitching of screws. 

There are now numerous sets of standard series 
for the use of the propeller designer, but when small 
craft are concerned much unnecessary mathemati- 
cal complication is involved if he is compelled to 
use the international dimensionless constants K,, 
K,, and J. Dealing as he is with standard engines of 
given power at the chosen rating, and an estimate 
(not too reliable probably) of the speed, the arch- 
tect can, however, readily make use of the Taylor 
B,-8 system which involves bhp, rpm, and speed. 

Here again, however, the architect of small craft 
finds himself in trouble, for enough data from 
standard series have not yet been converted into 
B,-8 form. Owing to the high revolutions at which 
propellers may be turning—often 1,000 rpm and 
more—B, values for small craft may be 100; values 
of 40-60 are common. Also, propellers are liable to 
be within the danger zone of cavitation and require 
large blade area ratios—0.6-0.7. For this reason, and 
for those of manufacture, the segmental section of 
blade will almost always be chosen. 

The series of tests providing the data most suit- 
able for the above conditions was that presented by 
Gawn and presented to the I.N.A. in 1937. Results 
were presented in the non-dimensional K,-K, form, 
but some of them were converted by Doust to the 
Taylor coefficients, but unfortunately not beyond a 
B, value of 34. (These were published by the I.N.A. 


in 1950.) Might it be suggested that the work be 
extended? It is wearisome arithmetical work mak- 
ing the conversion, which presumably could now 
be done in a computer. A set of B,-8 design charts 
extending up to B,100 would be of the greatest 
value in the design of thousands of small craft. 

As it is, recourse has to be made to the Troost 
series, which provides B, values up to 100, and 
deals with a wide range of blade area ratios, while 
also varying the number of blades; but unfortunate- 
ly the airfoil blade section used is not suitable for 
small craft propellers, and the § values obtained by 
Troost are some 10 or more per cent higher than 
those of other investigators. 


CORRELATION NECESSARY 


Whatever may be done to increase the corpus of 
naval architecture applicable to the types of vessel 
we have discussed, correlation between theory, the 
model, and full scale must be made, and here again 
we encounter difficulties. Trials are only too often 
rudimentary, and valuable data that might be ob- 
tained on powers, speeds, wake fractions, propellers 
and other doubtful matters of behaviour go by de- 
fault. 

It is, incidentally, to be hoped that the Institution 
of Naval Architects, which has lately turned its at- 
tention again to sailing yachts, will continue to en- 
large the scope of its papers, and without lowering 
the high technical and philosophical level that they 
maintain in their publications, devote some papers 
to the hydrodynamics of the smaller displacement 
type vessels. But they can neither instigate research 
nor press-gang authors, and it is the two latter that 
is lacking. 


On behalf of the President, Secretary of the Navy William B. Franke 
presented the Presidential Unit Citation to the nuclear submarine USS 
TRITON for making the first submerged circumnavigation of the world. 
The ceremony took place May | 1, at New London, Conn. 

All members of the crew who made the voyage will be authorized to 
wear the Presidential Unit Citation ribbon with a special clasp in the form 


of a golden replica of the globe. 
The citation reads: 


"For meritorious achievement from the |6th of February 1960 to the 
10th of May 1960. During this period TRITON circumnavigated the earth 
submerged, generally following the route of Magellan's historic voyage. 
In addition to proving the ability of both crew and nuclear submarine to 
accomplish a mission which required almost three months of submergence, 
TRITON collected much data of scientific importance. The performance, 
determination, and devotion to duty of TRITON'S crew were in keeping 
with the highest traditions of the naval service." 


—from BUREAU OF SHIPS JOURNAL 
July 1960 
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Ship Power 


A MARKED INCREASE in marine use, particularly Country Class Number Cruise Boost SHP 


the naval field, of the gas turbine has taken place. 
Propulsion and auxiliary drives have accounted for 
the major growth. However special installations 
have been made as air supply units, deicers and fog 
generators. The 1958-1959 issue of “Jane’s Fighting 
Ships” shows the following ship propulsion appli- 
cations, either under construction or in service, 
where gas turbines supply part or all of the power: 


England County 4 Steam GasTurbine 60,000 


England Tribal 7 Steam GasTurbine 20,000 
(12,500) (7500) 


W.Germany Escort 6 Diesel GasTurbine 38,000 
(12,000) (26,000) 


Japan PC 1 Diesel Gas Turbine 
(4000) (5000) 9,000 
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In addition to propulsion service a large number 
of generator sets, driven by gas turbines, for sup- 
plying electrical power are in use. Both merchant 
and naval craft are equipped with the gas turbine 
generators. The capacities vary from 40 kw, the 
Rover sets on the Brave boats, to 750 kw, the Rus- 
ton Hornsby unit on HMS Cumberland. 

A new and promising craft, the hydrofoil, is now 
developing for marine service. This will, in many 
instances, require gas turbine propulsion because of 
its low specific weight and volume. A number of 
hydrofoil projects are now in progress where gas 
turbines provide propulsion power. Some studies 
involve plants up to 100,000 shp. A recent US. 
Maritime Administration contract was let with 
Grumman Aircraft Engineering Corporation to 
build an 80-ton Hydrofoil Seacraft powered with a 
free power turbine version of the General Electric 
J-79 for main propulsion. A General Electric T-58 
gas turbine will supply propulsive power in a dis- 


placement condition. Electrical power will be from 
a gas turbine driven APU. This craft will be pow- 
ered entirely by gas turbines. 

This bibliography covers technical papers and 
press releases during the period 1958-1959. The ar- 
ticles have been abstracted and a subject index pre- 
pared. These are presented in this bibliography, 
which includes some 130 summaries, 1100 subjects 
and over 3500 individual references. Identification 
numbers have been assigned each abstract to permit 
easy reference between the subject index and the 
article summary. As an example, under the subject 
“silencing” reference number 30-59 is shown. This 
number identifies the paper, “Marine Proteus En- 
gines for the Brave Class Patrol Boats” by B. G. 
Markham, as number 30 listed in the 1959 abstracts. 

This bibliography has been compiled during the 
past two years with the hope it would provide a 
quick and comprehensive reference for marine en- 
gineers and naval architects concerned with gas 
turbines. 


1958 PUBLICATIONS 


1-58 “More Booster Gas Turbines’—The Marine En- 
gineer and Naval Architect, v. 81, n. 982, June 1958, p. 
198. Six convoy escort ships now under construction 
for the Federal German Navy will have combined gas 
turbine and diesel propulsion plants. The reciprocating 
engines will be of M. A. N. manufacture. The gas tur- 
bines are supplied by Brown-Boveri. Diesels will be 
used for cruising and the gas turbines will supply boost 
power. The total power per ship is 38,000 shp. 


2-58 “Free-Piston-Engined Trawler Sagitta”—The 
Marine Engineer and Naval Architect, v. 81, n. 985, 
Sept. 1958, p. 346. Propulsion equipment includes two 
GS. 34 gasifiers which supply a unidirectional gas tur- 
bine rated 2000 hp at 8000 rpm. Astern power is ob- 
tained by a controllable propeller. The ship is now in 
service and two other ships are planned. 


3-58 “Liberty Ship Upgrading”—L. C. Hoffman, New 
York Journal of Commerce, Nov. 14, 1958, pp. 1, 2. The 
four Liberty ship conversions made by the U. S. Mari- 
time Administration include: John Sergeant powered 
by a 6600 shp General Electric gas turbine; William 
Patterson with a free-piston gas turbine plant by 
Cleveland Diesel Engine Division of General Motors 
Corp.; Benjamin Chew equipped with a steam turbine; 
Thomas Nelson with two 3125 bhp Baldwin-Lima- 
— diesels. To date the ships have performed as 
ollows: 


Ship Type Average Distance Fuel Rate 

Propulsion Powerhp Covered—mi. Ib/hp—hr 

Sergeant Gas Turbine 6000 94,000 0.515-0.539 
Patterson Free-Piston 4100 _ 0.67 
Chew Steam Turb. 6000 125,000 1.038 
Nelson Diesel — 115,000 0.494 
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4-58 “A Polish Survey of Propelling Machinery”— 
The Marine Engineer and Naval Architect, v. 81, n. 985, 
Sept. 1958, pp. 352-354. Propulsion systems for new 
ship construction tonnage are: direct drive diesel 57 
per cent, geared steam turbines 41 per cent, other sys- 
tems 2 per cent. Advantages and future prospects of 
various propulsion plants are discussed. Comparisons 
of the different schemes include: power range, effi- 
ciency, specific fuel consumption, fuel cost in $/1000 
bhp-hr, weights of machinery and fuel, initial cost, 
maintenance and overhaul cost. 


5-58 “Gas Turbines for Use with Free-Piston Gasi- 
fiers’—B. J. Terrell, Pametrada News Letter, n. 16, 
Oct. 1958, p. 4. Considerable interest has been shown 
in use of free piston gas generators with turbines for 
marine propulsion. A design has been fully developed 
for a 5-stage axial flow turbine with the Pametrada 
system of hydraulic reversing. The inward flow revers- 
ing turbine is under consideration. 


6-58 “A Feasibility Study of a Hydrofoil Seacraft”— 
Leo A. Geyer, paper presented before the Chesapeake 
Bay Section of the Society of Naval Architects and 
Marine Engineers, Washington, D. C., Dec. 1958. A 
study of hydrofoil seacraft is presented. Investigation 
included speed range of 50 to 200 knots, displacement 
from 100 to 3000 tons and ranges from 400 to 3600 nau- 
tical miles. Power plants considered were gas turbine, 
diesel, steam turbine, and nuclear. 

7-58 “The Gas Turbine Goes to Sea”—Diesel Progress, 
Oct. 1958, p. 45. A gas turbine powered personnel boat, 
a 5Y craft, has been built by Seward Seacraft, Inc. It 
is equipped with two 500 hp Solar turbines and reverse 
gears. The boat will accelerate from dead in the water 
to 35 mph in 12 seconds. It can carry 25 people. Cruis- 
ing range is 16 hours at 35 miles per hour. 
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8-58 “A Demag-Modag 10,000 shp Free Piston Pro- 
posal”—The Marine Engineer and Naval Architect, v. 
81, n. 979, Mar. 1958, pp. 114, 116. The propulsion plant 
in this scheme consists of ten GS. 34 gasifiers and two 
5000 hp turbines which are geared together. This de- 
sign results in a gain of some 28,000 cu. ft. of cargo 
space for a 10,000 ton d. w. ship. 


9-58 “Progress by Pametrada, 1957’—The Oil Engine 
and Gas Turbine, v. XXVI, n. 300, Mid August 1958, 
pp. 160-162. Work at Pametrada covered a variety of 
marine engineering developments. Component research 
and development were emphasized. The liquid cooled 
turbine was operated successfully at 2100 F inlet. 
Fuels tested included “Mothball” and “Vanilla.” Addi- 
tives, to prevent turbine deposition, included Aerosil, 
liquid ethyl silicate, various powders and kaolin. Ce- 
ramic blade and ash fouling were also investigated. 


10-58 “Merchant Vessel’s Turbine Gasifier Plant”— 
The Oil Engine and Gas Turbine, v. XXVI, n. 300, Mid 
August, 1958, pp. 162-164. This is the first new vessel, 
ocean going merchant ship, to be propelled exclusively 
by a free piston/gas turbine plant. Sea trials are 
planned for September with commercial operations to 
follow. The plant consists of three GS. 34 gasifiers de- 
veloping 1230 ghp, supplying a single axial flow gas 
turbine. The turbine has six ahead and two astern 
stages. It develops 2500 shp ahead at 5250 rpm. Tur- 
bine inlet is 900 F. In service it is planned to use a 1500 
second viscosity fuel and to introduce fuel up to 3000 
seconds viscosity at a later date. 


11-58 “Combined Steam-Gas Propulsion Plant”—The 
Marine Engineer and Naval Architect, v. 81, n. 989, 
Dec. 1958, p. 538. A free piston-steam turbine-gas tur- 
bine combination plant developing 12,500 shp has been 
proposed for a tanker. Four gasifiers act as boiler su- 
perchargers. These gasifiers discharge into the steam 
generator where fuel oil is burned at some 430 C. Ex- 
haust gases from the boiler pass thru a gas turbine 
which is coupled to a steam turbine thru a hydraulic 
coupling. Fuel consumption at full load is about 0.215 
kg/shp-hr. 


12-58 “GTS William Patterson”—Marine Engineer- 
ing/Log, v. LXII, n. 7, May 31, 1958, pp. 109, 265. This 
is one of four Liberty ships converted to new type pro- 
pulsion plants by the U. S. Maritime Administration. 
The propulsion plant includes six free piston gasifiers 
that deliver gas to two turbines. The ship was deliv- 
ered in Sept. 1957. It is being operated by Lykes Bros. 
Steamship Co., Inc. During the trials an average speed 
of 16.8 kts at 6000 shp was reached. 


13-58 “Machinery of the German Escort Vessels’— 
The Marine Engineer and Naval Architect, v. 81, n. 
984, Aug. 1958, p. 315. Six fast escort ships of the Fed- 
eral German Navy now building at the Stiileken yard 
are equipped with diesel and gas turbine propulsion. 
The ships are twin-screw and have 19,000 shp on each 
shaft. The plant consists of two 3000 hp M.A.N. sixteen 
cylinder diesels coupled to the shaft through vulcan 
couplings and reverse reduction gears. A 13,000 hp 
Brown-Boveri gas turbine is engaged through a pri- 


mary gear box, to give a speed of 30 kts. Delivery of 
the first ship is scheduled for 1959-1960. 


14-58 “The Application of an Aircraft Type Gas Tur- 
bine to Marine Propulsion”—B. G. Markham, paper 
read to the Institute of Marine Engineers, West of Eng- 
land Section, Bath, England, 17 March, 1958. Three 
Bristol Proteus marine engines have been installed in 
HMS Brave Borderer. A second boat is being built 
with the Proteus engines for propulsion. The applica- 
tion of the Proteus to naval and other vessels is dis- 
cussed, Material presented includes: compressor blade 
material, turbine stator corrosion, compressor perform- 
ance, gearing, maneuvering, arrangements, comparison 
between diesel and gas turbine, range, combined gas 
turbine and diesel plant of equal cruising and maxi- 
mum power in high speed craft, effect of increased hull 
resistance on gas turbine and diesel powered boats, 
effect of derating gas turbine and diesel engine due to 
increased ambient and exhaust temperatures respec- 
tively. 


15-58 “Gas Turbine Driven Tanker”’—Leningradskaia, 
Pravda, July 15, 1958, p. 4. Construction will begin on 
a gas turbine powered oil tanker at the Admiral’teiskii 
plant. The ship will have a speed of 17.5 kts with a 
draft of nine meters. The propulsion plant consists of: 
a gas turbine which exhausts into a waste heat boiler, 
driving a controllable pitch propeller. Auxiliary firing 
of the boiler will provide steam while in port. Turbine 
controls are located on the bridge deck with secondary 
controls at another position. 


16-58 “1959 Gas Turbine Progress Report—Marine”— 
J. W. Sawyer and H. M. Simpson, paper presented to 
the American Society of Mechanical Engineers, Annual 
Meeting, New York City, 1-5 Dec. 1958. This is a 
progress report on marine gas turbines during the 
period 1953-1957. The combined horsepower, installed 
or building is 313,000. This includes 58,000 auxiliary 
and 255,000 propulsion. Free piston/gas turbines have 
107,000 and gas turbines total 206,000 hp. Material in- 
cluded: engines in use or building, requirements, 
cycles, developments and operating experience. 


17-58 “Design and Development of Four Light-Weight 
High-Speed Marine Gas Turbines for Electric Genera- 
tor Drive’—A. W. Pope, paper presented at a General 
Meeting of The Institution of Mechanical Engineers, 
London, 10 Jan. 1958, briefed in The Engineer, v. 205, 
n. 5321, Jan. 17, 1958, pp. 92-94. Four different size sets 
(125 kw, 350 kw, 500 kw and 1000 kw) have been de- 
veloped and placed in operation. They include base 
load and emergency types. Problems encountered and 
main engine features are presented. 


18-58 “The Auris Gas-Turbine Project’—J. Lamb 
and L. Birts, Paper No. 58-GTP-12 presented to the 
American Society of Mechanical Engineers, Gas Tur- 
bine Power Division Conference, Washington, D. C., 
2-6 March, 1958. The gas turbine, 1200 hp, operated in 
the Auris for about 20,000 hours. The ship traveled 
179,775 nautical miles with this turbine supplying pow- 
er. Operating and maintenance experience with this 
engine are presented. The new 5500 hp gas turbine 
plant is described. 
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19-58 “Technical Progress in Marine Engineering 
During 1957’—The Shipbuilder and Marine Engine- 
Builder, v. 65, n. 598, pp. 19-29. Significant develop- 
ments of the past year include accomplishments in: 
boilers and steam plants, diesel engines, gas turbines, 
nuclear power and free piston/gas turbines. 


20-58 ..CCOSAG—A Steam and Gas Turbine Develop- 
ment”—The Marine Engineer and Naval Architect, v. 
81, n. 977, Jan. 1958, p. 28. A combined steam and gas 
turbine propulsion plant is being tested at the U. S. 
Naval Boiler and Turbine Laboratory in Philadelphia, 
Pa. The gas turbine is designed to deliver 55 percent of 
the power and the steam turbine 45 percent. The steam 
plant provides power in low speed ranges and the gas 
turbines are placed on the line as additional speed is 
required. 


21-58 “Marine Gas Turbine Engine—Data Book”— 
R. R. Peterson and D. P. Johnson; Published by Bu- 
reau of Ships, Department of the Navy, Publication 
NAVSHIPS— 250-550-3, 1 March 1958. Information pre- 
sented on gas turbines for marine use. Data arranged 
for use by installation and design studies. Some 62 
engines and 19 manufacturers are included. 


22-58 “Booster Gas Turbines”—The Marine Engineer 
and Naval Architect, v. 81, n. 977, Jan. 1958, p. 5. The 
Royal Navy will have gas turbines in the following new 
ships: four guided missile destroyers and six small 
general purpose frigates, The gas turbines will serve 
as peak load power plants. Base load power will be 
supplied by steam turbines. The design is Metropoli- 
tan Vickers/Y.A.R.D. The machinery for the frigates 
may include a 7500 hp MV gas turbine coupled with a 
12,500 hp steam turbine. 


23-58 “The Bunker C Fuel Oil System of the Gas 
Turbine Ship John Sergeant”—C. C. Tangerini and A. 
D. Foster; Paper presented before the Chesapeake Sec- 
tion of the Society of Naval Architects and Marine 
Engineers, Washington, D. C., 3 April, 1958. A detailed 
description of the system and method of the bunker C 
fuel oil treatment is given along with operating experi- 
ence during the first six voyages. 


24-58 “Accelerated Life Tests of a Pair of Naval Gas 
Turbines”—J. S. Pasman, C. L. Miller and S. E. Fisher; 
Paper No. 58-GTP-7, presented to the American So- 
ciety of Mechanical Engineers, Gas Turbine Power Di- 
vision, Washington, D.C., Mar. 2-6, 1958. Results of 
2500 hr. tests on two naval gas turbines, 160 hp, driv- 
ing a generator. Data includes: load cycle, inspections, 
maintenance, part failures, repairs, reliability and 
availability. Some parts had in excess of 3000 hr opera- 
tion. 


25-58 “The Control of a Marine Gas Turbine”—F. H. 
Van Nest; Paper No. 58-GTP-10, presented to the 
American Society of Mechanical Engineers, Gas Tur- 
bine Power Division Conference, Washington, D.C., 
Mar. 2-6, 1958. The adaptation of the large gas turbine, 
6600 hp, to marine service in the John Sergeant are 
discussed. 


26-58 “Free Piston Progress”—F.A.I. Muntz and M. 
Barthalon; The Shipbuilder and Marine Engine Build- 
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er, Annual International Number, v. 65, n. 602, April, 
1958, pp. 292-297. Experience with the GS-34 and CS- 
75 gasifiers includes marine installations and stationary 
plants. Ships described are: W. Patterson, Cantenac, 
Merignac, new ore carrier, conversion Ormara, a new 
cargo liner 7,000 shp, a deep sea tramp of 4,000 shp, 
2,000 shp conversion, two 16,000 shp ships. French 
coasters, Cantenac and Merignac have 18,000 and 15,500 
hours at sea and traveled 145,000 and 120,000 miles. 


27-58 “Progress in Gas Turbines”—W. C. Vickers, 
Ruston Review, n. 1, Aug. 1958, pp. 16-21. A gas tur- 
bine driven generator set has been installed on H.M.S. 
Cumberland. Two 300-kw turbine driven sets have 
been installed on merchant ships. 


28-58 “Crewboat Cruises at 35 MPH with Solar Tur- 
bines”—The Solar Quarterly, v. 19, n. 3, Fall 1958, pp. 
6, 7. A 55-ft. boat, powered by two 500-hp gas turbines 
hit speeds of 35 mph. This is about 40 percent faster 
than the same type boat powered with diesel engines. 
The boat reached full speed from a standing start in 
12 seconds. It accommodates 25 people. 


29-58 “Gas Turbines for Merchant Ship Propulsion” 
—S. Kasthuri, The Institute of Marine Engineers, 
Transactions, v. LXX, n. 10, Oct. 1958, pp. 301-323. This 
paper was presented at a joint meeting of the Bombay 
Section of the Institute of Marine Engineers and the 
Institute of Marine Technologists on 26 March, 1958. A 
study of marine gas turbines as applied to merchant 
vessels is presented. The paper includes: Part I—his- 
tory, causes of early failure, thermodynamics of the 
simple cycle, gas turbine vs diesel and steam turbine, 
comparisons, maintenance, uniform torque, silent oper- 
ation, quick starting, increasing efficiency, effects of 
new components and materials; Part II—requirements 
of marine propulsion, reliability, first cost, fuels, lubri- 
cants, weight, space, personnel, reversibility and ma- 
neuverability, part load performance, specific fuel con- 
sumption, open cycle, closed cycle, advantages, disad- 
vantages, operation, applications, trials, free piston, de- 
velopment trends. References. 


30-58 “Gas Turbine Auxiliaries’—Shipbuilding Equip- 
ment Nov. 1958, pp. 10, 11. The gas turbine’s advan- 
tages over the reciprocating engine include: light 
weight, greater specific power, compactness, simpler 
construction, easier maintenance, and absence of wear- 
ing parts. Steady improvement in efficiencies are mak- 
ing the gas turbine more attractive. It is finding many 
auxiliary applications. 


31-58 “Pametrada Progress Report for the Year 1957” 
—The Parsons & Marine Engineering Turbine Research 
& Development Association, Wallsend. This report cov- 
ers the work at Pametrada during 1957 and includes: 
steam turbines, gas turbines, gearing, boilers, full-scale 
trials, component research, component tests, designs, 
transmissions, new techniques. 


32-58 “Marine Applications of Gas Turbines and Free 
Piston-Gas Turbines’—John W. Sawyer and G. L. 
Graves, Jr.; Parts I and II, Diesel and Gas Turbine 
Progress, Feb. and Mar. 1958. The total hp, installed 
or building for marine use, in the past ten years, is ap- 
proximately 262,000. Some 389 engines and 274 vessels 
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are involved. Gas turbines and free piston-gas turbines 
have 163,500 and 98,000 hp respectively. The installed 
hp in 1947 was only 2500. Merchant applications are 
covered in Part I and Naval in Part II. 


33-58 “Investigation of Compressor Washing of a 
Small Open Cycle Gas Turbine Contaminated by Salt 
Deposits”—M. Schulman, U.S. Naval Engineering Ex- 
periment Station Research and Development Report 
030284A NS-622-210, 24 Jan. 1958. Methods of washing 
salt deposits formed by ingestion of sea water were 
investigated. Procedures involved 103 hours of inter- 
mittent operation on a small single-shaft, opencycle gas 
turbine. The compressor was of the centrifugal type. 
The turbine was a radial inflow unit. Sea water was 
atomized and injected into the intake air to cause com- 
pressor fouling. Various cleaning materials and tech- 
niques used to clean the engine are presented. 


34-58 “Jane’s Fighting Ships—1958-1959” Naval craft 
of world powers include a number of gas turbine in- 
stallations both for propulsion as well as auxiliary 
drive. Gas turbines are now being installed for boost 
power in a number of ships including: 
No. Power 

Country Class Ship Ships Cruise Boost SHP 

England CountyDD 4 Steam GasTurbine 60,000 
England Tribal DD 7 Steam GasTurbine 20,000 

(12,500) (7500) 


W.Germany F'rigate 6 Diesel Gas Turbine 
1 


Japan PC Diesel GasTurbine 9,000 
(4000) (5000) 
U. S. PT 1 Diesel Gas Turbine 


In addition to boost type gas turbines a number of gas 
turbines are also installed on various craft including: 
HMS Llandaff, USS MSBS. French coastal minesweep- 
er Sirius class, are provided with S. I. G. M. A. free 
piston and Alsthom gas turbine propulsion plants. 


35-58 “The Gas Turbine—The Versatile Power Unit” 
—G. B. Warren; lecture to the American Society of 
Mechanical Engineers, Third Annual Gas Turbine 
Power Division Conference and Exhibit, Washington, 
D. C., March 5, 1958. The gas turbine and its role in 
transportation, aviation, marine and other fields is dis- 
cussed. Use in power generation to make marked im- 
provements in steam plant efficiencies is very promis- 
ing. Combined steam and gas turbine plants are feas- 
ible for electric utilities and ships. 


36-58 “The Development of an Integrating Power 
Meter’”—J. Smillie, Pametrada News Letter, N. 16, Oct. 
1958. An integrating power meter has been developed 
which gives a ready means of determining shaft horse- 
power to within +1 percent. It is suitable for a wide 
range of vessels. One has been installed in MV Ante- 
nor. Another was installed in the gas turbine tanker 
Auris with its new gas turbine propulsion plant. 


37-58 “The Propelling Machinery of the Morar’— 
The Shipbuilder and Marine Engine-Builder, v. 65, N. 
606, Aug. 1958, p. 475. The first British marine free- 
piston gas turbine plant, built specifically for installa- 
tion in an ocean going vessel, has been tested. This 
plant will be installed in the ore carrier Morar. SFC is 
0.42 Ib/shp-hr. The machinery will include three GS- 


34 gasifiers which supply gas to an axial flow turbine 
with six ahead and two astern stages. Trials are sched- 
uled for September 1958. A sister ship, Orecrest, will 
be equipped with diesel engines. 


38-58 “Marine Gas Turbine, Free Piston-Gas Turbine 
Bibliography”—John W. Sawyer; Journal of the Amer- 
ican Society of Naval Engineers, v. 70, n. 1, Feb. 1958, 
pp. 159-169. This bibliography concerns some 108 pa- 
pers published during 1952-1957. Papers were abstract- 
ed and subject indexed. Includes 450 subjects and 1050 
references. 


39-58 “Design and Development of a Supercharger 
for a Pressure-Fired Boiler’—R. C. Reisweber, J. W. 
Glessner and J. R. Shields; Paper No. 58-SA-25, Pre- 
sented at the Semi-Annual Meeiing of the American 
Society of Mechanical Engineers, Detroit, Mich., June 
15-19, 1958. This supercharger has the following char- 
acteristics: 11-stage axial flow compresser, flow 40,000 
cfm, 4.5:1 pressure ratio, power required 6100 hp, entry 
gas 61.2 psia at 815 F. The supercharger is now on test 
at the U.S. Naval Boiler and Turbine laboratory. 


40-58 “The William Patterson”—The Marine Engineer 
and Naval Architect, v. 81, n. 977, Jan. 1958, pp. 8-14. 
The U.S. Maritime Liberty Ship William Patterson 
equipped with free piston-gas turbine propulsion is in 
service. Six GM-14 gasifiers supply two reversible gas 
turbines which are geared to a single output shaft. The 
gasifiers, General Motors, have a rating of 1230 ghp. 
The turbines, Alsthom design and construction, are 
each rated 3000 hp at 5500 rpm. Material includes: 
characteristics of gasifiers, turbine data, machinery ar- 
rangement, photographs, fuel, controls, tests, practical 
difficulties. 


41-58 “Free Piston Gasifier Gas Turbine Sets for Ma- 
rine Propulsion’—The Marine Engineer and Naval 
Architect, v. 81, n. 977, Jan. 1958, p. 14. The ships, in 
service, on order and pending, with free piston gas tur- 
bine propulsion are listed. They include minesweeps, 
coasters, ore carriers, trawlers, cargo, escort vessels 
and bulk carriers. Propulsion plants range in size from 
2000 to 16,000 shp. 


42-58 “Free Piston Engine: Power Plant with a Fu- 
ture”—C. E. Wise, Machine Design, v. 30, Jan. 23, 
1958, pp. 22-24. Features of the free piston/gas turbine 
power plant are discussed with respect to various pro- 
pulsion applications such as marine and automotive. 
Material presented includes: fuel, efficiency, operation, 
throttle response and maintenance. 


43-58 “Navy Gas-Turbine, Hydrofoil Craft”—Marine 
Engineering/Log, v. LXIII, n. 4, April 1958, p. 85. A 
gas turbine propulsion package, including a Lycoming 
T-53 turbine with reverse gear, is now installed in an 
experimental hydrofoil craft. The entire propulsion 
package has a weight of less than 2000 lbs. The boat, 
an LCVP type, has developed speeds in excess of 30 
kts. 


44-58 “Turbines are Tops for Small Boats”—Jay S. 
Pasman, SAE Journal, v. 66, n. 7, July 1958, pp. 124, 
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125. A discussion of the status of gas turbines in U.S. 
Naval craft. Major advantage of the gas turbine for 
small boat application is the high power to the engine 
size ratio. 


45-58 “Gears for Propulsion Gas Turbines’—The Ma- 
rine Engineer and Naval Architect, v. 81, n. 983, July 


1958, pp. 257-259. The main propulsion reduction gear 
installed in the free piston/gas turbine ship William 
Patterson is double helical, separate helix articulated 
type. It has two high-speed gears, four low speed pin- 
ions and one bull gear. Two identical gas turbines drive 
the input pinions at 5500 rpm. The set delivers 6000 
shp at 100 rpm. Design data on the gears is presented. 


1959 PUBLICATIONS 


1-59 “High Speeds Recorded on Preliminary Sea 
Trials’—The Oil Engine and Gas Turbine, v. XXVI, 
Mid-Jan. 1959, p. 363. The H.M.S. Brave Borderer, first 
of two of a class of fast patrol boats, recently exceeded 
a speed of 50 knots during preliminary sea trials. The 
boat is powered with the Marine Proteus gas turbine. 
The gas turbine is less prone to defects than a piston 
engine and a turbine change can be accomplished in 
four to six hours. 


2-59 “1000 HP Gas Turbines in a 40 MPH Crew Boat” 
—Diesel Progress, Feb. 1959, p. 40. A new development 
in hull design is now in service. This boat is expected 
to revolutionize water transportation. It is powered by 
two 500-hp gas turbines with reverse reduction gears. 
Tests have shown it is seaworthy, has high-capacity 
load-carrying ability and maintains speed in rough 
water. With the “Polyhedral” design speeds in the 40- 
mph range can be maintained in 3% ft. waves. 


3-59 “HMS Brave Borderer—a 50 Knot Light Naval 
Craft”—The Marine Engineer and Naval Architect, v. 
82 n. 990, Jan. 1959, p. 20. Two high speed patrol boats, 
Brave Borderer and Brave Swordsman are undergoing 
sea trials. The craft are powered with three 3500 bhp 
Bristol Proteus gas turbines. Two 40-kw, gas turbine 
driven, generator sets supply power on each craft. 


4-59 “Turbines Primed for Big Chance”—Business 
Week, Jan. 17, 1959, pp. 38, 40. Applications of small 
gas turbines are increasing in land, sea and air. Com- 
parative cost, weight and fuel consumption are pre- 
sented for turbines, gasoline and diesel engines. 


5-59 “Operating Experience with Gas Turbine Ships 
of the Maritime Administration”—C. C. Tangerini and 
D. H. Specht, Paper No. 59-GTP-16, presented at the 
American Society of Mechanical Engineers Gas Tur- 
bine Power Division Conference, Cincinnati, Ohio, Mar. 
11, 1959. The John Sergeant, gas turbine propelled, and 
the William Patterson, free-piston gas turbine pro- 
pelled, operating experiences to date are presented. 
The John Sergeant’s commercial operation at sea, cov- 
ering some 94,000 miles and 6567 hours, has proved 
that a marine gas turbine drive has outstanding char- 
acteristics including: ruggedness, reliability, ease in 
starting and operation. It has shown superiority over a 
marine diesel prime mover due to freedom from main- 
tenance. The William Patterson has sailed about 50,000 
miles. It is not possible to draw any conclusion as to 
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the suitability of free-piston machinery for marine pro- 
pulsion based on this experience. 


6-59 “Symposium on Gas Turbine Sea Experience”— 
—Journal of the American Society of Naval Engineers, 
v. 71, n. 1, Feb. 1959, pp. 43-61. This symposium was 
conducted by the Gas Turbine Power Division of the 
American Society of Mechanical Engineers at the An- 
nual Meeting in New York on Dec. 2, 1958. Part I— 
“Operating Experience with U.S. Navy Gas Turbines 
at Sea”—R. G. Mills. As of Nov. 1958 the U.S. Navy 
had 341 gas turbines installed on 181 naval craft. These 
represented some 54,500-hp and had accumulated 84,000 
hours. Operative experiences and troubles were dis- 
cussed. Part II—Operating Experiences with the GTV 
John Sergeant”—R. L. Jackson. The success of this gas 
turbine propelled merchant ship has been extremely 
satisfactory. During its 94,000 miles travel at sea there 
has been no maintenance on the turbine. The plant has 
operated well on residual fuels. The controllable pitch 
propeller has added a great deal to the favorable ma- 
neuverability of the ship. During a trip in a convoy 
north of Greenland maneuvering in the ice required 
considerable speed and direction changes. In one four 
day period there were 1700 bridge to engine room sig- 
nals. Part III—“Some Marine Propulsion and Genera- 
tor Set Applications of a 500 HP Gas Turbine”—P. A. 
Pitt and P. G. Carlson. Constant and variable speed 
versions of this 500-hp turbine have been applied for: 
high speed boat propulsion, minesweep generator drive 
and emergency generator drives on destroyers. Instal- 
lations and experiences are presented. Part IV—Discus- 
sions, questions and answers by authors. 


7-59 “Marine Gas Turbine Progress”—John W. Saw- 
yer and H. M. Simpson, Bureau of Ships Journal, v. 7, 
n. 10, Feb. 1959, pp. 6-15, v. 7, n. 11, March 1959, pp. 
5-13, v. 7, n. 12, April, 1959, pp. 6-11. A progress re- 
port on marine gas turbine and free-piston gas turbines 
during the period 1953-1957. Open and closed cycle 
gas-turbine, nuclear gas-turbine, and free piston-gas 
turbine prime movers are discussed as follows: appli- 
cations, operating experience, advantages, disadvan- 
tages, economics, and future potential. 


8-59 “British Navy to Use Quick-Start Engine”—New 
York Times, 24 Feb., 1959, p. 5. Four destroyers pow- 
ered by novel steam and gas turbine systems have been 
ordered by the British Navy. The destroyers are armed 
with guided missiles. The gas turbines can be started 
instantaneously and double the ships’ power. 
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9-59 “M/V Thomas Nelson Sets Fuel Economy Mark” 
—Douglas Shearing, Diesel Progress Incorporating Gas 
Turbine Progress, March, 1959, pp. 26-27. This ship has 
covered 92,000 sea miles since her recommissioning in 
1956. Specific fuel consumption of the four U.S. Mari- 
time Commission Liberty conversions, using Diesel En- 
gine Manufacturers Association standard of 19,350 
B.T.U./Ib. HHV for fuel is, at full rated speed: MV 
Thomas Nelson 0.417; Free piston William Patterson 
0.494; Gas turbine John Sergeant 0.505; Steam turbine 
0.787. 


10-59 “Free-Piston Conversion of the Goodwood’— 
The Marine Engineer and Naval Architect, v. 82, n. 994, 
May 1959, pp. 192-195. A free-piston gas turbine plant, 
incorporating three GS-34 gasifiers and reversing gas 
turbine, has been installed in the Goodwood. The tur- 
bine is rated at 2275 bhp at 7700 rpm. Sea trials re- 
sulted in a specific fuel consumption of 0.435 Ib. per shp 
per hr. An all purpose rate of ten tons per day is ex- 
pected. 


11-59 “Marine Equipment”’—BTH Activities, v. 30, n. 
1, Jan.- Feb. 1959, p. 20. Modifications have been com- 
pleted on a 4000-shp (GS-34) gasifier gas turbine 
(B.T.H.) for Smith’s Dock Co. Ship No. 1259, G.T.V. 
Rembrandt, the Bolton Steam Shipping Co. Ltd. An 
astern turbine was to be used but the present plan calls 
for a controllable pitch propeller. 


12-59 “Work and Progress in 1958’—The Metropoli- 
tan-Vickers Gazette, v. XXX, n. 474, Jan. 1959, pp. 
4-51. This review of work in 1958 covers: electricity 
generation and supply; industry and commerce; trans- 
port; science and medicine. Marine boost power gas 
turbines constructed during 1958 include two G4 and 
two G6 units. 


13-59 “Preliminary Trials of T.V. Morar’—The Oil 
Engine and Gas Turbine, v. XXVI, n. 305, Mid Feb. 
1959, p. 404. The installation of three 1000-hp GS 34 
gasifiers and a gas turbine for propulsion has been 
completed. The 2500-shp turbine incorporates axial 
stages, ahead and astern. The plant is hydraulically 
controlled from a single point. The ship has completed 
initial trials. Efficiency losses in the present turbine, 
connected with swallowing capacity and outlet volume, 
resulted in a fuel consumption of 0.49 Ib/shp-hr. A 
new design turbine will be installed in about nine 
months. Fuel consumption of the new unit will be 
about 0.24 Ib/shp-hr. 


14-59 “New Hull Design”—Maritime Reporter, Feb. 
1, 1959, p. 15. A 52-ft. personnel boat, aluminum hull, 
powered with two Solar 500-hp gas turbines has dem- 
onstrated speeds up to 40-mph in rough water. The 
Polyhedral hull form permits operation in rough water. 
The boat carries 30 passengers, a crew of two, has a 
full fuel capacity of 2000 gallons and a cruising range 
of 500 miles. 


15-59 “Ship Power Becalmed”—Jacques Nevard, New 
York Times, Mar. 8, 1958, p. 88. The recent develop- 
ments in nuclear power may have curbed maritime in- 
terest in other new forms of ship propulsion. This may 
be responsible for the maritime industry’s indifference 
to the remarkable performance of the gas turbine pro- 


pulsion plant installed in the John Sergeant. In North 
Atlantic service the ship hit speeds of 20.4 knots, near- 
ly twice her design speed. She averaged 15.9 knots. 
The gas turbine ship, according to C. C. Tangerini, 
Assistant Chief of Machinery of the U.S. Maritime Ad- 
ministration, has demonstrated it is freer from main- 
tenance than a diesel. 


16-59 “General Criteria for Ensuring Quiet Gas Tur- 
bine Shipboard Installations”’—W. J. Burch, U.S. Naval 
Engineering Experiment Station, Publication NAV- 
SHIPS-250-645-3, Mar. 1959. This is concerned with 
the control of noise problems associated with shipboard 
installations of gas turbines. It includes: general pro- 
cedures for noise reduction applicable to gas turbines, 
sound insulation, vibration damping, noise attenuation 
by installation of air inlet and exhaust gas mufflers and 
ducting, isolation mountings, typical installation of a 
gas turbine aboard ship to illustrate noise reduction 
techniques. 


17-59 “The Future of Gas Turbines in the U.S. Navy” 
—wW. A. Dolan, Jr., Lecture to the Gas Turbine Power 
Division of the American Society of Mechanical Engi- 
neers at the Division Conference, Cincinnati, Ohio, 
Mar. 11, 1959. Potentials for gas turbines in U.S. Naval 
service service reviewed. Prototypes already author- 
ized or planned in fiscal year 1960 program include: 
ocean escort, 15,000 shp; patrol craft—hydrofoil, 6600 
shp; assault landing craft, 2000 shp; high speed boats, 
500-1000 shp. 


18-59 “Dutch Free-piston Ship’—The Marine Engi- 
neer and Naval Architect, v. 82, n. 992, March 1959, p. 
100. The first free-piston gas turbine ship, 328 ft over- 
all length, to be built in Holland is now under contract. 
The propulsion machinery includes a number of GA 34 
gasifiers and a gas turbine which develops 4000 bhp. 


19-59 “H.M.S. Brave Borderer”—The Shipbuilder and 
Marine Engine Builder, v. 66, n. 612, Feb. 1959, pp. 103, 
104. This high speed warship, which has completed 
preliminary trials, has a service speed in excess of 50 
knots. The craft is equipped with three Bristol Pro- 
teus Marine gas turbines which develop 3500-bhp max- 
imum and 2800 bhp continuous. Two Rover gas tur- 
bine 40-kw generators are installed. Specific weight of 
turbine is 0.83 Ib per hp and of the turbines, reversing 
and reduction gear 1.6 lb per hp. 


20-59 “100-Knot Liner to Fly on Sea Wings”—A. P. 
Armagnac, Popular Science, March 1959, pp. 106-113, 
238, 240, 241. New concepts for high speed ocean liners 
involve hydrofoils, gas turbines, diesels, nuclear gas 
turbines, supercavitating propellers and air screws. The 
U.S. Maritime Administration is conducting thorough 
investigations including studies and also the construc- 
tion of an 80 knot 100 passenger hydrofoil ship. 


21-59 “Military Notes Around the World”—Military 
Review, v. XXXVIII, n. 11, pp. 62-72. British naval de- 
stroyers, the County class, named Devonshire, Hamp- 
shire, Kent and London, have a displacement of 5,500 
tons and a speed of 32.5 knots. They use a combination 
of steam and gas turbines for propulsion. Two of these 
ships are to be delivered in 1961-62. 


22-59 “Free-Piston Whale Catcher Conversion”’—The 
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Marine Engineer and Naval Architect, v. 81, n. 980, 
April 1959, p. 140. A proposal has been made to install 
a free piston-gas turbine propulsion plant in a Flower- 
class corvette. Three GS-34 gasifiers would supply a 
reversing gas turbine with a total of 3000 shp. 


23-59 “A Lightweight 8000-HP Gas Turbine for Ma- 
rine Propulsion”—V. Proscino; Paper No. 59-GTP-18 
presented at the Gas Turbine Power Conference and 
Exhibit, American Society of Mechanical Engineers, 
Cincinnati, Ohio, March 8-11, 1959. A turbojet engine, 
with minor modifications, was combined with a light- 
weight free-wheeling power turbine to produce a com- 
pact 8000-hp unit suited for a booster type marine pro- 
pulsion engine. Commercial control features were com- 
bined with aircraft components to provide a complete- 
ly automatic remote control. The turbine burns diesel 
fuel and has demonstrated ability to run 500 hours at 
full load. A normal overhaul interval of 1000 hours is 
indicated. 


24-59 “Service Experience of Liberty Ship Conver- 
sions Involving Four Different Propulsion Systems”— 
R. T. Newell and T. J. Chwirut; Paper presented to 
Chesapeake Section, Society of Naval Architects and 
Marine Engineers, Washington, D.C., 2 April, 1959. The 
converted Liberty ships, type power plants and sea 
miles traveled are: 


Ship Power Plant —— Sea Miles 
oyages 
Benjamin Chew Steam Turbine 14 135,000 
Thomas Nelson Diesel 15 145,000 
John Sergeant Gas Turbine 10 94,000 
William Patterson Free Piston 4 50,000 


Based on experience to date it appears that: lower 
maintenance in the reciprocating machinery is desired; 
improved treatment for unrestricted Bunker “C” fuel 
for use in gas turbines should be developed; machinery 
of higher horsepower is needed to meet needs of a 
modern, high speed merchant fleet; the conversion pro- 
gram has shown feasibility of using several types of 
propulsion plants to upgrade Liberty ships in the Na- 
tional Defense Reserve. 


25-59 “Combined Gas and Steam Propulsion for Royal 
Navy Vessels’—The Oil Engine and Gas Turbine, v. 
XXVI, n. 307, Mid March 1959, p. 441. The British Navy 
announced the building of four guided missile destroy- 
ers with a combination of steam and gas turbines for 
propulsion. A Tribal Class Frigate, the first of a new 
class of general-purpose frigates, has been launched. 
This frigate is equipped with steam and gas turbine 
propulsion machinery similar to that of the above de- 
stroyers. The gas turbines can be used to take a ship 
to sea immediately in case of emergency or to double 
the available power if steaming. 


26-59 “You’re Looking at the Gas Turbine Era”—W. 
D. Brinkloe, Popular Mechanics, April, 1959, pp. 131- 
135, 230. The advantages of the gas turbine are in- 
creasing its field of application. This versatile prime 
mover is now finding use in aircraft, locomotives, ships, 
boats, ground power units, off the road vehicles, ‘tanks, 
automobiles, busses and missiles. 


27-59 “Free Piston Gasifiers’—Shipbuilding Equip- 
ment, March 1959, p. 14. The British ship Morar, 
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equipped with three gasifiers and a 2500 shp reversible 
turbine has completed trials. Fuel consumption is 0.49 
Ibs. per shp-hr. A new turbine, now under construc- 
tion, is expected to reduce the specific fuel consump- 
tion to 0.42. Noise from the 180-kw diesel drowned out 
noise from the gasifiers. 


28-59 “Description and Service Experience of Vari- 
ous Boeing Gas-Turbine Marine Applications”—V. A. 
Yeager, Paper presented at the Gas Turbine Power 
Conference, American Society of Mechanical Engineers, 
March 8-11, 1959, Paper No. 59-GTP-8. Material in- 
cludes a brief description of Boeing small gas turbines 
and their application in marine service. Problems and 
corrective actions associated with initial marine service 
are discussed. 


29-59 “First Turbine-powered Hydrofoil Craft”—The 
Oil Engine and Gas Turbine, Mid April, 1959, v. XXVI, 
n. 308, p. 488. The Halobates, a modified LCVP, incor- 
porating hydrofoils has been under sea trials since Sep- 
tember, 1958. It is equipped with a Lycoming T-53 gas 
turbine. The craft, a U.S. Navy experimental unit, has 
hit speeds in excess of 30-knots. 


30-59 “Marine Proteus Engines for the Brave Class 
Patrol Boats”—B. G. Markham, paper presented to the 
Institution of Naval Architects and Institute of Marine 
Engineers Southern Branch at Southampton, England, 
17 March, 1959. The application of this gas turbine, as 
well as its development, to the propulsion of high speed 
boats is discussed. Experience with the Proteus tur- 
bines, including aircraft and marine, represents 60,000 
hours of bench testing, 1840 hours marine and over 
500,000 hours in airline service. During the second day 
of sea trials the Brave Borderer registered speeds in 
excess of 50 knots. Starting, operation, salt fouling and 
compressor cleaning are presented. 


31-59 “The Shipbuilding Centres’—The Shipbuilder 
and Marine Engine-Builder, v. 66, n. 614, April 1959, 
pp. 218-228. The new British Naval Frigate Ashanti 
equipped with combined gas and steam turbines was 
launched on March 9, 1959. This is the first of a new 
class to be equipped with the combined gas and steam 
plant. 


32-59 “New Gas Turbines’—Boeing Magazine, v. 
XXIX, n. 6, June, 1959, pp. 10, 11. Naval applications of 
various Boeing gas turbines include: propulsion, gen- 
erator and fog generator. New turbines under develop- 
ment include a 300-hp engine with a specific fuel con- 
sumption of 0.8 lb/shp-hr and a lighter 400-hp engine 
with a 0.72 specific fuel consumption. 


33-59 “Converted Liberty Ship with Diesel Propul- 
sion Sets Fuel Economy Mark”—Maritime Reporter, 
Feb. 1, 1959, p. 35. The MV Thomas Nelson has com- 
pleted more than 20 Atlantic crossings. Over-all plant 
efficiency is 30 percent, based on net heat input and 
net power output. Specific fuel consumption at full 
rated speed and power is compared for MV Thomas 
Nelson, GTV William Patterson, GTV John Sergeant, 
and SS Benjamin Chew. 


34-59 “Free-Piston-Engined Ore-Carrier Morar’— 
The Marine Engineer and Naval Architect, v. 82, n. 
992, March, 1959, pp. 87-98. The Morar, propelled with 
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a free piston-gas turbine plant, has completed her first 
voyage. The following data is of interest: length overall 
427 ft.; dead weight 9250 tons; 2500 shp developed by 
the turbine at 5250 rpm. The propulsion plant includes 
three GS-34 gasifiers supplying a gas turbine. The tur- 
bine has ahead and astern stages on the same shaft. 
The overall fuel consumption in 0.49 Ib per shp-hr. A 
new turbine is under development which will have im- 
proved efficiency. It will replace the present turbine 
and should result in a fuel consumption of about 0.42 
lb per shp-hr. Material presented includes: gasifiers, 
air ducting, noise, acoustic treatment, turbine, controls, 
lubrication, auxiliary machinery, photographs and ma- 
chinery arrangements. 


35-59 “Technical Progress in Marine Engineering 
During 1958”—The Shipbuilder and Marine Engine- 
Builder, v. 66, n. 611, pp. 21-28. This review of develop- 
ment and investigations includes: nuclear power, gas 
turbines, steam turbines and boilers, diesel engines, 
corrosion, free piston, auxiliaries and cargo handling. 
Outstanding ship and boat installations are discussed 
briefly. 


36-59 “New Marine Gas Turbine Applications’— 
Diesel Progress Incorporating Gas Turbine Progress, 
March 1959, pp. 43-45. A number of gas turbines and 
free piston-gas turbines and their installations are de- 
scribed. These include merchant and naval auxiliary 
and propulsion sets. Operating hours, ships, engines, 
and horsepowers are tabulated. 


37-59 “A Remarkable Project’—The Marine Engineer 
and Naval Architect, v. 82, n. 995, June 1959, p. 236. A 
proposal has been made by Bristol Siddeley Engines 
Ltd. for a frigate propulsion plant consisting of a 16 
cylinder, 3000 hp reciprocating engine for cruising, 
with two 3500 bhp marine Proteus turbines for peak 
power. 


38-59 “Marine Diesel Engineering in 1958”’—The Mo- 
tor Ship, v. XXXIX, n. 464, Jan, 1959, pp. 476-481. 
Ships now being equipped with free-piston gas turbine 
propulsion include: the Morar with three GS-34 gasi- 
fiers and a 2500 shp turbine; the Goodwood with a 2000 
shp free piston plant; a cargo ship with a 4000 shp free- 
piston gas turbine propulsion plant with a variable 
pitch propeller. 


39-59 “Gas Turbine Propulsion”—The Shipbuilder 
and Marine Engine-Builder, v. 66, n. 612, Feb. 1959, p. 
94. The 9,250 ton ore-carrier Morar completed trials in 
January 1959. She was delivered to the operators on 22 
January. The ship is equipped with three GS-34 gasi- 
fiers and a turbine to provide 2500 IH.P. to give a 
service speed of 11 kts. 


40-59 “Exhibited at Olympia”—The Oil Engine and 
Gas Turbine, v. 27, n. 310, Mid June 1959, p. 68. The 
Royal Navy exhibited a typical console of the propul- 
sion machinery control of the Tribal class frigate. The 
propulsion machinery includes steam turbine for base 
load and gas turbine for peak power or emergency pro- 
pulsion. Photographs show the control console. 


41-59 “Clyde-built Gas Turbine for Dutch Whale- 
catcher”—The Marine Engineer and Naval Architect, 


v. 82, n. 995, June, 1959, p. 233. A 3000 hp gas turbine 
has been ordered from Rankin & Blackmore Ltd. for 
installation in a whalecatcher. The turbine will be used 
with GS-34 free piston gasifiers. 


42-59 “Launches and Trial Trips’—The Shipbuilder 
and Marine Engine-Builder, v. 66, n. 614, pp. 229-233. 
The frigate, Ashanti, is the first one of the new Tribal 
class. The ship is 360 ft overall by 42 ft-6 in. These 
ships are designed to carry a helicopter for anti-sub- 
marine reconnaisance. Gas turbines provide peak pro- 
pulsion power while steam turbines are used for cruis- 
ing and maneuvering. 


43-59 “The Gas Turbine Story—More Horses for 
Navy’s Ocean Stable’—Erwin Sharp, All Hands, n. 
508, May 1959, pp. 2-6. The U.S. Navy’s gas turbines on 
ships and boats are discussed. 


44-59 “The Shipbuilding Centres”—The Shipbuilder 
and Marine Engine-Builder, v. 66, n. 616, May 1959, pp. 
364-377. In a review of activities at various shipyards 
through the world the following are reported: 


a—A free piston-gas turbine propulsion plant similar to the 
Morar machinery has been ordered from Messrs. Rankin 
& Blackmore, Ltd., for a ship building on the continent. 

b—The tanker Auris with her new gas turbine plant recent- 
ly ran trials in the River Mersey. 


45-59 “The U.S. Navy’s Marine Gas Turbines”’—John 
W. Sawyer, Paper presented to the Southern California 
Section The Society of Naval Architects and Marine 
Engineers, 14 May, 1959. The gas turbines now in naval 
use total about 400, a growth of 100% in the past five 
years. Some 36 engines, representing 14,000 hp are on 
order. New applications for gas turbines now under 
consideration include: 15,000 shp AG Escort ship, 6600 
shp hydrofoil patrol craft. A new engine with the fol- 
lowing characteristics is being studied: sfc 0.40, over- 
haul interval 2000-5000 hours, 450-600 hp, specific 
weight 2.5 lbs/hp, cost in production $15-$20/hp. 


46-59 “The Goodwood Conversion”—The Shipbuilder 
and Marine Engine-Builder, v. 66, n. 616, May 1959, pp. 
352-355. The SS Goodwood, a 3500 tons deadweigt, 298 
ft ship has been converted to free piston gas turbine 
propulsion. The propulsion plant consists of two Smith- 
Pescara free piston gasifiers of S.E.M.E. type GS-34 de- 
sign with an Alsthom reversing turbine. The gasifiers 
have rating of 1250 GHP. The reversing turbine is a 
single casing with six ahead and one astern stage. Con- 
trols are such that either or both gasifiers can supply 
the turbine. Sea trials conducted in March 1959 gave 
the following results: average speed 13.09 knots at 125 
rpm; developed shp 1700, sfc 0.435 Ib per hp-hr. 


47-59 “Twin Gasifier Installation for Cargo Vessel 
Conversion”—The Oil Engine and Gas Turbine, v. 27, 
n. 309, pp. 27-30. The Goodwood, a steam ship, 3500- 
ton deadweight, overall length 314 ft, has been re- 
engined with a free piston-gas turbine propulsion 
plant. The original steam machinery developed 950 ihp. 
The new plant has a maximum continuous rating of 
2000 shp which has been derated to 80-85% to give de- 
sired service speed. Installation consists of two GS-34 
gasifiers which feed a single reversing gas turbine. The 
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turbine has six ahead and one astern stage. This is the 
Alsthom design. On sea trials the plant developed 1700 
hp at 125 rpm at an average speed of 13.09 knots, with 
an sfc of 0.435 Ibs/shp-hr. 


48-59 “First British Free-Piston-Engined Ship”—The 
Motor Ship, Feb. 1959, v. XXXIX, n. 465, pp. 552-527. 
Demonstration trials of the 9,250 ton Morar were con- 
ducted in January 1959. The propulsion plant includes 
three standard GS-34 gasifiers (Free Piston Engine 
Co.) which supply a turbine (Rankin and Blackmore 
Ltd.). The turbine develops 2500 shp at 5250 rpm. It 
has six ahead and two astern stages which are equipped 
with a masking device to reduce windage losses. The 
installation of the masking device resulted in a gain of 
0.42 kts speed. Initial trials gave a sfc of 0.49 lb/shp-hr. 
With future improvements to be incorporated in the 
turbine a sfc of 0.42 lb/shp-hr is expected. Material 
includes photographs and machinery arrangements. A 
7000 shp free piston propulsion plant now on order is 
to be supplied with a 220-kw gas turbine supplied from 
the main exhaust delivery line. 


49-59 “The Navy Estimates, 1959-1960’—The Ship- 
builder and Marine Engine-Builder, v. 66, n. 614, April 
1959, pp. 199, 200. Gas turbines are to be used in new 
British Naval construction to provide additional pro- 
pulsive power and flexibility for new destroyers. Keels 
of two guided missile destroyers, with combined gas 
turbines and steam turbines for propulsion have been 
laid. A total of four of these ships are on order. The 
keel of a third ship, of the four will likely be laid this 
year. 


50-59 “Development of a 3500-HP Marine Gas Tur- 
bine”—D. W. Knowles; Paper No. 95-A-199, presented 
to the American Society of Mechanical Engineers, An- 
nual Meeting, Atlantic City, N. J., Nov. 30-Dec. 4, 1959. 
This gas turbine was developed for the Bureau of 
Ships, Department of the Navy, to be used as propul- 
sion or auxiliary drive. The engine is rated 3500-hp, 
80°F inlet air, with a specific fuel consumption of 0.59 
lbs/hp-hr. Design incorporates an eight-stage compres- 
sor driven by a two-stage turbine with a maximum 
speed of 14,260 rpm. The free power turbine is a three 
stage unit which has a maximum speed of 5900 rpm. 
Six can-type combustors are arranged to permit fitting 
of scrolls to and from an exhaust heat exchanger if it is 
desired. A total of some 600 hours of running was ac- 
cumulated on various builds prior to endurance test- 
ing. Problems encountered in the development of this 
turbine are reviewed. 


51-59 “Gas Turbines for Free Piston Gasifiers”’—The 
Shipbuilder and Marine Engine-Builder, v. 66, n. 618, 
July 1959, pp. 450, 451. A gas turbine is now being pro- 
duced, by Peter Brotherhood, Ltd., for use in marine 
propulsion and other fields in conjunction with free- 
piston gasifiers. It incorporates kinematic construction, 
allowing the machine to maintain alignment and clear- 
ances with free thermal expansion and contraction. 


52-59 “Metrovick Gas Turbines in U.S. Navy Light 
Craft”—The Marine Engineer and Naval Architect, v. 
82, n. 998, Sept. 1959, pp. 364, 365. The U.S. Navy’s PT 
812 is powered by combined gas turbine and diesels. 
Two Packard 600 hp diesels, with controllable propel- 
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lers are on the inboard shafts. One Metrovick 4000-hp 
gas turbine is on each of the wing shafts. A Solar T- 
45 500 gpm, gas turbine driven fire pump is installed. 
The craft has been in operation since July 1958. 


53-59 “Gas-Turbine Tanker’—J. Foster Petree, Me- 
chanical Engineering, v. 81, n. 11, Nov. 1959, pp. 86, 87. 
The Shell tanker Auris is now in service with a new 
5500-bhp gas turbine propulsion plant. Astern power 
is provided by a Pametrada hydraulic reversing gear. 
Data on the propulsion machinery includes: 


High pressure turbine speed ............... 5800 rpm 
Low pressure turbine speed ................ 3840 rpm 
Turbine inlet temperature .................. 1200°F 
Intercooler thermal ratio ................... 84% 
Design fuel rate (with oil having lower 

heating value of 17,500 BTU/Ib) ......... 0.52 Ib/bhp/hr 


On trials the turbine was operated 439 hours light and 
510 hours under load. Minimum time to stop the pro- 
peller from an ahead speed of 83 rpm was 13 sec. 


54-59 “Power Producing Equipment Incorporating 
Gas Turbine Power Plant”’—U.S. Patent 2,898,731. 
Claims 1. Inventor J. C. Barr, assignor to Power Jets 
Limited, London, England. The invention makes use of 
gas turbine plant operating according to the so-called 
inverted open cycle. This cycle is one in which a ducted 
stream of hot working fluid is, in its direction of flow, 
successively expanded in a turbine, cooled, compressed 
approximately to atmospheric pressure, and exhausted 
to atmosphere. 


55-59 “Self Contained Gas-Turbine Generator for 
S.S. Rotterdam”—The Allen Engineering Review, n. 40, 
Oct. 1959, pp. 33, 34. Emergency electrical power on 
this ship is supplied by a 350-kw gas turbine driven 
generator set. The turbine burns diesel fuel. Design life 
of the first stage turbine blades is 20,000 hours at 750°C. 


56-59 “Plastic Personnel Boat’—Bureau of Ships 
Journal, v. 8, n. 3, July 1959, p. 7. A prototype 33-ft 
plastic personnel boat is nearing completion for the 
U.S. Navy. This craft will be propelled by a Boeing 
220-hp gas turbine. 


57-59 “County-class Guided-missile Ships”—The Ma- 
rine Engineer and Naval Architect, v. 82, n. 999, Oct. 
1959, p. 348. Four guided-missle ships of the Royal 
Navy will be: Hampshire, Devonshire, Kent and Lon- 
don. Two of these are now under construction. The 
keel of the third one is to be laid this year. Propulsion 
machinery, 40,000-shp, twin screw, conzi<is of com- 
bined steam and gas turbines. Power split is 12,500-hp 
steam and 7,500-hp gas turbine on each shaft. The gas 
turbine has a clutch and a reversing gear train to pro- 
vide astern power. 


58-59 “Pametrada Progress During 1958’—The Ma- 
rine Engineer and Naval Architect, v. 82, n. 999, Oct. 
1959, pp. 351-353. The Parsons & Marine Engineering 
Turbine Research & Developement Association Progress 
Report for 1958 contains data on: steam turbine pro- 
pulsion plant designs up to 100,000-shp per shaft; nu- 
clear propulsion; gearing and boiler designs; and gas 
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turbines. In the gas turbine field eight enquiries were 
received. Power ranged from 250-kw to 7,500-shp. 


59-59 “Gas Turbine Propulsion for Hydrofoil Craft”— 
K. A. Austin, Paper No. 59-A-71 Presented at the 
American Society of Mechanical Engineers Annual 
Meeting 1959, Atlantic City, N.J. Weights and perform- 
ances of power plants have a major effect on hydrofoil 
craft. The gas turbine can improve hydrofoil internal 
layout, increase operating efficiency and provide quick- 
er take-off. Detailed description of 15 ton U.S. Naval 
craft and 13 ton U.S. Army Amphibious Vehicle with 
Lycoming gas turbines is presented. 


60-59 “Development and Sea Trials of Marine Pro- 
teus Engines for Brave Class Fast Patrol Boats”—B. G. 
Markham; Paper No. 59-A-273, presented to the Amer- 
ican Society of Mechanical Engineers Annual Meeting 
Atlantic City, N.J., Nov. 30-Dec. 4, 1959. The British 
Admiralty has installed three Bristol Marine Proteus 
in each of two boats of the Brave Class. The adaption 
of the aircraft gas turbine for marine use, shore test- 
ing under simulated marine conditions and sea trials 
are discussed. 


61-59 “The Maritime Gas-Cooled Reactor—Propulsion 
Plant of the Future’—Harry L. Browne, presented at 
the Annual Meeting of Atomic Industrial Forum, Wash- 
ington, D.C., Nov. 2, 1959. The paper describes the gas- 
cooled reactor—closed cycle gas turbine system being 
sponsored by the AEC and the Maritime Administra- 
tion. The Maritime Gas Cooled Reactor Program 
(MGCR) is to advance the gas-cooled reactor—closed 
cycle gas-turbine propulsion for merchant ships. 
MGCR Mark I plant data: 30,000 shp, helium as a 
working fluid, reactor outlet 1500°F, inlet fluid pres- 
sure 1,123 psi. 


62-59 “G.T.S. Auris Re-enters Commercial Service”— 
The Oil Engine and Gas Turbine, v. 27, n. 311, July- 
Aug.-Sept. 1959, pp. 101-105. The new gas turbine pro- 
pulsion plant has recently completed intensive sea trials 
in the Auris. The new plant is described in some de- 
tail. The characteristics of this gas turbine plant in- 
clude: 


Specific fuel consumption at design point 

Overall plant efficiency ............-+.eeeeeeeeeees 28% 
Total weight, less gears, tons ..........+-eeeeeee 171 


Trials extended over a three week period. Maximum 
power obtained was 4830 shp at 14.17 knots steady 
ahead, loaded ship. Economy is approximately the same 
as a comparable steam turbine but less than that of a 
modern marine diesel. 


63-59 “PT-812’s Gas Turbine, Diesel Engine Drive”— 
W. P. Miller; Bureau of Ships Journal, v. 8, n. 3, July 
1959, pp. 19-23. The combined gas turbine-diesel pro- 
pulsion plant for this craft includes: two Metrovick 
400-hp gas turbines and two Packard 600-hp diesels. 
The gas turbines are on wing shafts with diesels on the 
inboard shafts. Controllable propellers provide astern 
power. 


64-59 “Britain’s Fastest Warship”—The Marine Engi- 
neer and Naval Architect, v. 82, n. 1000, pp. 405-407. 
The British Admiralty Brave class patrol boats are 
unique in that there are no reciprocating engines on 
board. Propulsion is provided by three Bristol Siddeley 
marine Proteus 1270 gas turbines. Each turbine de- 
velops 4250-shp with a specific fuel consumption of 
0.575 Ib per shp hr. Electrical power is supplied by two 
Rover 18/60 gas turbines driving 40-kw generators. 


65-59 “Problems Associated with the Use of Bunker 
“C” Fuel”—John J. McMullen, presented before the 
New York Metropolitan Section of the Society of Naval 
Architects and Marine Engineers, Dec. 8, 1959, New 
York, N.Y. The difficulties relating to use of Bunker 
“C” fuel in ships’ power plants including steam, gas 
turbine and diesel are discussed. The pre-combustion 
problems include: sludge formation, accumulation of 
water contaminant in bunkers, oil stratification, fouled 
fuel oil heaters and carbon formation on burner tips. 
Post combustion troubles include: boiler fouling, su- 
perheater slagging and corrosion in hot and cold areas. 
Fuel washing and treating methods are discussed. 
Costs of boiler repairs cited. Atlantic Refining Com- 
pany experience with water washing fuel to remove 
sodium on the SS Atlantic Seaman discussed. 


66-59 “New Regenerative Gas Turbine May Have 
Helicopter Application”—Aviation Week, v. 71, n. 20, 
Nov. 16, 1959, p. 97. A 75-hp regenerative gas turbine, 
weight 75 pounds, has been developed by Williams Re- 
search Corp., Walled Lake, Mich. The non regenerative 
version weight is about 50 pounds. One turbine, mount- 
ed as an outboard motor in an 18-ft boat has been on 
test for 15 months. 


67-59 “Gas Turbines which are for a Time Mechan- 
ically Driven in a Direction Opposed to their Normal 
Running Direction”’—U.S. Patent 2,902,255, Sept. 1, 
1959. Inventor Robert Huber, assignor to Societe 
d’Etudes et de Participations, Eau, Gaz, Electricite, 
Energie, S.A. Geneva, Switzerland. 2 claims. The in- 
vention concerns gas turbines that may be reversed in 
direction of rotation to provide astern power for ships. 


68-59 “A New British Naval Gas Turbine”’—The Oil 
Engine and Gas Turbine, v. 27, n. 312, Mid Oct. 1959, 
pp 141-146. The British Admiralty’s new Tribal class 
of general purpose frigates will have propulsion plants 
that include both steam and gas turbines. The first ship 
of this class, H.M.S. Ashanti, was launched March 9, 
1959. The entire machinery is to be supplied by Asso- 
ciated Electrical Industries, Ltd. The gas turbines are 
AEI G.6 units. Turbine data: open cycle, non regenera- 
tive; output 7500-shp; specific fuel consumption 0.754 
lb/shp-hr; thermal efficiency 18.1%. 


69-59 “Bristol Proteus Marine Gas Turbines in 
H.M.S. Brave Borderer”—The Shipbuilder and Marine 
Engine-Builder, v. 66, n. 622, Nov. 1959, pp. 627, 628. 
This high speed craft, first of the Brave class, has com- 
pleted trials and exceeded speeds of 50 knots. The pro- 
pulsion plant consists of three 3500-HP Proteus marine 
gas turbines with reverse reduction gears on each shaft. 
Full power can be attained in 60 seconds after pressing 
the starter button. Electrical power is supplied by two 
40-kw generators driven by Rover 1S/60 gas turbines. 
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70-59 “Considerations for the Reduction of Noise in 
Ship Installations of Gas Turbines’—E. M. Herman. 
Paper No. 59-A-238 presented at the Annual Meeting, 
Atlantic City, N.J., Nov. 29-Dec. 4, 1959, the American 
Society of Mechanical Engineers. General noise-reduc- 
tion considerations for shipboard installation of gas 
turbines are discussed. Specific information relating to 
sound-absorption materials, duct treatments, structure- 
borne sound isolation and airborne sound insulation is 
graphically presented. 


71-59 “Trials of the G.T.S. Auris”—The Shipbuilder 
and Marine Engine-Builder, v. 66, n. 621, Oct. 1959, pp. 
570-573. Sea trials of the Auris with the 5500-shp 
B.T.H. propulsion gas turbine have been completed. 
Data presented on: compressors, turbines, combustor, 
waste-heat recovery, and 125-kw gas turbine generator. 


72-59 “Variable Speed Gas Turbine”—U.S. Patent 
2,895,295, July 21, 1959. 20 claims. Inventor Paul G. 
Carlson, assignor to Solar Aircraft Company. Invention 
concerns a compact variable speed gas turbine espe- 
cially adopted for use as a marine propulsion unit or 
as an auxiliary gas turbine compressor unit in aircraft. 
The power plant is small and light weight. 


73-59 “Grumman Plans Hydrofoil Seacraft”—Donald 
Lowman, SAE Journal, v. 67, n. 9, Sept. 1959, pp. 42-45. 
Numerous studies have been conducted on feasibility 
and design of hydrofoil seacraft for high speed pas- 
senger and cargo service. An 80-ton craft is to be ready 
for test in mid-1960, Propulsion plants include nuclear 
and gas turbines. 


74-59 “Production of Free-Piston Plant for Two Ba- 
nana Carriers’—The Motor Ship, v. 40, n. 470, July- 
Aug.-Sept. 1959, p. 183. Fifteen GS-34 gasifiers are be- 
ing produced by Werkspoor. Two 16-knot ships will 
receive the first eight of these gasifiers. The propulsion 
plant, 4000-shp, will include: four GS-34 gasifiers, a 
Werkspoor-Brown, Boveri gas turbine, a Krupp- 
Stockikt reduction gear and a variable pitch propeller. 
A 12,500 ton free-piston ship, 4000 shp, with BTH tur- 
bine and a variable pitch propeller is being built by 
Smith’s Dock Co. for Bolton $.S. Co. 


75-59 “Marine and Mobile Applications of Industrial 
Gas Turbines”—E. O. Kohn, Paper No. 59-A-295, pre- 
sented to the American Society of Mechanical Engi- 
neers, Annual Meeting, Atlantic City, N.J., Nov. 30- 
Dec. 4, 1959. The installation and operating experience 
of a Ruston Hornsby TA gas turbine driving a 650-kw 
generator in H.M.S. Cumberland is described. This 
company has several other generator sets now at sea 
on commercial ships. 


76-59 “Machinery of the Rotterdam”—The Marine 
Engineer and Naval Architect, v. 62, n. 1000, Nov. 1959, 
pp. 381-385. Emergency electrical power on this ship 
is provided by a light weight generating plant rated at 
350-kw. A W. H. Allen gas turbine drives this genera- 
tor. The turbine is a single-shaft open-cycle unit. First 
stage turbine blade life is 20,000 hours. 


77-59 “Gas Turbine Progress Meeting’—Pentagon, 
Washington, D. C., April, 1959. The Department of 
Defense, Office of Fuels, Materials and Ordnance, Office 
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of the Director of Defense Research and Engineering 
sponsored this meeting. It provided an opportunity for 
representatives of the U. S. gas-turbine industry, the 
Department of Defense and other government agencies 
to present information on the current status and ex- 
pected progress of the gas turbine. Proceedings, which 
include fourteen papers, have been printed in a single 
volume. It is for sale ($1.25) by the Superintendent of 
Documents, U. S. Government Printing Office, Wash- 
ington 25, D. C. 


78-59 “Pratt & Whitney Plans 500-shp Turbine’— 
Aviation Week, v. 71, n. 12, Sept. 21, 1959, p. 31. A 500- 
shp, 250 lb. free power turbine, suited for turboprop 
and turboshaft use in aircraft and also for marine ap- 
plication is under developement by Canadian Pratt & 
Whitney Aircraft. The engine is designated PT-6. The 
PT6A-2, turboprop, has a take off rating of 500-shp at 
2350 rpm and a maximum sfc of 0.69 lb/eshp/hr. En- 
gine cost will be about $15,000 ($30/shp) and will have 
an overhaul interval of 1000 hours. 


79-59 “Russian Free Piston-engined Bulk-carriers’— 
The Marine Engineer and Naval Architect, v. 82, n. 997, 
p. 328, Aug. 1959. A bulk carrier equipped with free 
piston gas turbine propulsion is nearing completion. 
This is one of a series of the class. Data on the ships: 
deadweight 6670 tons, gross tonnage 4750, speed 14 
knots, 4000-bhp, length between perpendiculars 114 m. 
The propulsion plant includes: four GS-34 gasifiers 
which supply gas to a 4000 bhp Alsthom turbine, gen- 
eral arrangement of the ship is shown. These ships are 
the first Russian craft with free piston-gas turbine pro- 
pulsion plants. 


80-59 “Control System for Gas Turbine Installations” 
—U. S. Patent 2,895,294, July 21, 1959. Claims 2. In- 
ventor B. J. Terrell, Monkseaton, England, assignor to 
the Parsons and Marine Engineering Research and De- 
velopement Association, Wallsend, England. This in- 
vention relates to gas turbine installations of the kind 
in which the cycle includes a separate output turbine, 
such installations are suited for marine propulsion. It 
concerns means of by-passing gas around the power 
turbine and discharging through an orifice that will 
have the same pressure drop as the power turbine. 


81-59 “The Goodwood Converts to Compete”—Cana- 
dian Shipping and Marine Engineering News, v. 30, n. 
6, July 1959, pp. 46, 47. Two GS-34 gasifiers and a re- 
versing turbine now supply propulsion power for the 
Goodwood. Sea trials carried out in the ballast condi- 
tion showed a specific fuel consumption of 0.435 
lb/shp/hr. An equivalent fuel consumption of 0.425 
lb/shp/hr with the ship loaded and under design speed 
of 117 rpm at 1700 shp is expected. 


82-59 “The Combined Steam Turbine-Gas Turbine 
Plant for Marine Use”—R. G. Mills; Paper No. 59-A- 
237, presented to the American Society of Mechanical 
Engineers Annual Meeting, Atlantic City, N.J., Nov. 30- 
Dec. 4, 1959. Improved efficiencies are possible in ma- 
rine propulsion plants by use of combined steam and 
gas turbine systems. These include: parallel systems 
where the steam and gas cycles are thermodynamically 
independent; plant in which combustion energy is 
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transferred to steam cycle with remainder used by the 
gas turbine cycle; unfired steam generator with steam 
cycle receiving energy from the gas turbine exhaust; 
both fired and unfired steam generator, where steam 
generator is divided into a low temperature section 
supplied by the gas turbine exhaust and high tempera- 
ture section given heat from combustion prior to entry 
of gases to the gas turbine. 


83-59 “Bretagne-Rateau Liberty-ship Gas Turbine”— 
The Marine Engineer and Naval Architect, v. 82, n. 
998, Sept. 1959, pp. 353-358. Factory tests of a 3500-hp 
gas turbine designed for Liberty-ship propulsion has 
been completed at the plant of Societe des Ateliers et 
Chantiers de Bretagne. This plant was built for the 
French Ministry of Merchant Marine. The plant has 
been under erection since 1955. It consists of two shafts 
with inter cooling, regeneration and reheat. Astern 
power is provided by a controllable propeller. Data in- 
cludes: 


84-59 “Project Dragon”—The Marine Engineer and 
Naval Architect, v. 82, n. 994, May 1959, p. 216. A high 
temperature gas cooled reactor is to be developed in 
Britain under an agreement signed by twelve European 
nations. Construction is to begin in 1960 and completed 
in 1962. 


85-59 “Marine Propulsion Installations with Gas 
Cooled Reactors’—Atomkern Energie, v. 4, June 1959, 
p. 213. The Ship Reactor Group of the Society for Pro- 
moting the Application of Nuclear Energy to Ship- 
building and Shipping held a conference in Hanover 
on 25 Feb. 1959 on gas cooled reactors for marine ap- 
plication. Some eleven papers were presented, includ- 
ing the following: 


a. “Design of the Gas Cooled Circuit for a 10,000 shp Nu- 
clear Gas-Turbine Marine Propulsion Installation”—J. 
Busch. 


b. “The Heat-Exchanging Components of a Nuclear Gas- 
Turbine Marine Installation”—H. G. Paul. 


c. “Layout of a Nuclear Gas-Turbine Plant in a Tanker’— 


d. “The Choice of Materials for Gas-Cooled Marine Reac- 


High pressure rotor speed ........... 9100 rpm 

Low pressure rotor speed ............ 5680 rpm 

Overall pressure ratio .............+. 

Turbine inlet temperature ........... 650°C 

Normal power ..........sseeeeeeeeees 3000 shp K. Gerold. 

Overinnd power 3500 shp 

Specific fuel consumption, normal ....0.55 lb per bhp-hr 

Regenerator effectiveness ............ 81% tors”—W. Junkerman. 
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Acceleration. 7-58 

Accessory drive. 23-59 

Acoustic insulation. 13-59, 14-59, 48-59 

Acoustic silencer. 34-59 

Acoustic screen. 34-59 

Additive, abrasive. 18-58 

Additive, aerosil. 9-58, 31-58 

Additive, aluminum silicate. 18-58 

Additive, effect of. 18-58 

Additive, ethyl silicate. 9-58, 18-58, 
31-58 

Additive, flour mill by-product. 18-58 

Additive, fuel. 7-59, 35-59, 3-58, 9-58, 
16-58, 18-58, 23-58, 29-58, 31-58, 39-58 

Additive, kaolin. 9-58, 18-58, 31-58 

Additive, silica. 18-58 

Additive, stack solids. 18-58 

Additive, walnut shells. 18-58 

Advantages. 29-58 

Aerosil, additive. 9-58, 31-58 

Ahead stages. 37-58 

Air, cooling. 59-59, 17-58 

Air intake, free piston. 10-59, 34-59 

Air Pulsations. 5-59, 24-59, 34-59 

Air rate. 29-58 

Air screw, propulsion. 6-59, 20-59 

Air supply. 17-59, 43-59 

Alignment. 75-59 

Aluminum bronze, DTD 197. 14-58 

Aluminum coatings, tubes. 9-58, 31-58 

Aluminum silicate. 18-58 

Antenor, ship. 4-58, 36-58 

Applications. 7-59, 45-59, 16-58, 29-58 

Applications, growth. 45-59 

Arrangement, machinery. 10-59, 34-59, 
45-59, 48-59, 14-58, 40-58 

Armagnac, A. P. 20-59 
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Ash fouling. 9-58, 31-58 

Ashanti, HMS, ship. 31-59, 42-59, 34-58 

Aspinol governor. 10-59, 34-59, 46-59 

Assembly, nozzle. 17-58 

Astern blade masking. 10-59, 48-59, 
19-58 

Astern nozzles. 10-58 

Astern power. 7-59, 10-59, 13-59, 52-59, 
53-59, 1-58, 3-58, 5-58, 7-58, 10-58, 
14-58, 16-58, 19-58, 40-58 

Astern methods. 10-59, 5-58, 19-58, 
40-58 

Astern stages. 5-59, 7-59, 10-59, 11-59, 
13-59, 34-59, 48-59, 9-58, 10-58, 16-58, 
19-58, 31-58, 37-58 

Astern turbine. 5-59, 58-59, 3-58 

Astern turbine, separate. 5-58 

Atomization, fuel. 5-59, 25-58 

Attenuation, noise. 16-59 

Austin, K. A. 59-59 

Auris, ship. 7-59, 35-59, 38-59, 44-59, 
45-59, 53-59, 62-59, 4-58, 9-58, 16-58, 
18-58, 19-58, 29-58, 31-58, 32-58, 36-58 

Auxiliary. 6-59, 7-59, 10-59, 30-59, 
36-59, 48-59, 77-59, 16-58, 27-58, 
30-58, 32-58 

Availability. 7-59, 45-59, 16-58, 24-58 

Axial clearance, indicator. 34-59, 10-58 

Axial expansion. 10-58 


— B— 
Balancing plate. 50-59 
Barber, J. 29-58 
Barr, J. C. 54-59 
Barring motor. 62-59 
Barthlon, M. 26-58 
Beach Lighter, USA, ship. 7-59, 16-58 


Bearings. 28-59, 34-59, 46-59, 48-59, 
68-59, 9-58, 10-58, 17-58, 18-58, 31-58, 
39-58 

Bearing casualty. 28-59, 18-58 

Bearings, flexible. 17-58 

Bearings, thrust. 34-59, 46-59, 48-59, 
62-59, 10-58, 18-58 

Bellows, cooling. 62-59 

Bellows, expansion. 62-59 

Benjamin Chew, ship. 7-59, 3-58, 16-58, 
32-58 

Bethsabee. 7-59, 3-58, 16-58, 32-58 

Bibliography. 7-59, 45-59, 16-58, 38-58 

Birts, L. 18-58 

Blade attachment. 50-59 

Blade, ceramic. 58-59, 9-58, 31-58 

Blade, compressor. 39-58 

Blade corrosion. 29-58 

Blade cooling. 29-58 

Blade cracks. 23-59, 24-58 

Blade damping. 23-59, 50-59 

Blade, deposit. 35-59, 23-58 

Blade efficiency. 17-58 

Blade failure. 6-59, 23-59, 45-59, 24-58 

Blade, fatigue strength. 30-59, 14-58 

Blade forging. 34-59 

Blade fouling, salt. 19-59 

Blade lashing. 23-59 

Blade life. 76-59 

Blade masking. 10-59, 24-59, 34-59, 
19-58, 40-58 

Blade material, compressor. 14-58 

Blade polishing. 14-58 

Blade, shrouded. 17-58 

Blade, turbine. 23-59, 50-59, 39-58 

Blade vibration, 23-59, 50-59 

Blade welding. 9-58, 31-58 

Blowoff, compressor. 23-59, 9-58, 31-58 
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Blowoff, valves. 62-59, 75-59, 9-58, 31-58 

Boiler supercharger. 7-59, 17-59, 35-59, 
11-58, 16-58, 39-58 

Boiler, Velox. 1-58 

Boiler, waste heat. 5-59, 6-59, 24-59, 
33-59, 35-59, 18-58, 19-58, 25-58 

Bold Pathfinder, HMS, ship. 7-59, 16-58 

Bold Pioneer, HMS, ship. 7-59, 45-59, 
16-58, 32-58 

Boost power. 12-59, 21-59, 23-59, 25-59, 
1-58, 14-58 

Brake, shaft. 5-59, 25-58 

Brave Borderer, HMS, ship. 1-59, 7-59, 
19-59, 30-59, 36-59, 45-59, 69-59, 
14-58, 16-58 

Brave Swordsman, HMS, ship. 3-59, 
60-59 

Bridge control. 6-59, 30-59 

Brinkloe, W. D. 26-59 

Bristol Marine Proteus Engine. 1-59, 
3-59, 7-59, 19-59, 30-59, 37-59, 45-59, 
64-59, 14-58, 16-58 

British Thomson Houston Turbine, 
5500 hp. 7-59, 35-59, 53-59, 62-59, 
16-58 

Brown-Boveri, 13,000 hp. 45-59, 1-58, 
8-58, 13-58, 34-58 

Browne, H. L. 61-59 

Bunker C fuel. 3-58, 19-58, 23-58 

Burch, W. J. 16-59 

Busch, J. 85-59 

By-pass. 80-59 


Cantenac, ship. 7-59, 16-58, 19-58, 26-58, 
32-58 

Capital charges. 35-59 

Carbo blast cleaner. 6-59 

Carbon formation. 23-59, 24-58 

Cargo pumping. 19-58 

Carlson, P. G. 6-59, 72-59 

Casing construction. 62-59, 68-59, 75-59, 
17-58, 39-58 

Casing design, turbine. 17-58 

Casing distortion. 34-59, 10-58 

Casing expansion. 34-59 

Casing, turbine, overheating. 24-59 

Casing, double shell. 34-59, 10-58 

Casting, precision. 34-59 

Casualty, blade. 6-59, 23-59, 45-59, 
24-58 

Casualty, combustor. 75-59, 24-58 

Casualty, component. 6-59, 24-58 

Casualty, cross fire tube. 24-58 

Casualty, expansion joint. 18-58 

Casualty, gasifier. 5-59 

Casualty, gear. 28-59, 24-58 

Casualty, governor. 24-58 

Casualty, heat exchanger. 18-58 

Casualty, igniter. 18-58, 24-58 

Casualty, inducer. 28-59 

Casualty, instrument. 75-59 

Casualty, nozzle box. 24-58 

Casualty, piston ring. 24-59 

Casualty, propeller. 24-59 

Casualty, starter. 18-58 

Casualty, starting. 18-58 

Casualty, tube. 9-58, 31-58 

Casualty, turbine. 18-58, 24-58 

Centrifuging fuel. 33-59, 23-58 

Ceramic blades. 58-59, 9-58, 31-58 

Ceramic coating. 60-59, 14-58 

Ceramic nozzles, 13-58 
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Choking. 50-59 

Chwirut, T. J. 24-59 

Cleaning, compressor. 5-59, 6-59, 7-59, 
30-59, 75-59, 16-58, 18-58, 23-58, 33-58, 
43-58 

Cleaning material, bran. 75-59 

Cleaning material, fly ash. 33-58 

Cleaning material, carbo blast. 6-59 

Cleaning material, injection. 75-59 

Cleaning material, peach pits. 6-59, 
33-58 

Cleaning material, sawdust. 33-58 

Cleaning material, seed. 75-59 

Cleaning material, walnut shells. 75-59, 
18-58 

Cleaning regenerator. 5-59, 6-59, 62-59, 
65-59 

Cleaning, turbine. 7-59, 62-59, 65-59, 
9-58, 16-58, 18-58, 23-58, 31-58 

Clearance, tip. 5-59, 50-59, 17-58, 18-58 

Closed cycle. 7-59, 20-59, 35-59, 16-58, 
29-58 

Closed cycle, control. 61-59 

Closed cycle, nuclear. 7-59, 20-59, 35-59, 
36-59, 61-59, 85-59, 6-58, 16-58 

Closs, W. 77-59 

Clutches. 6-59, 62-59, 14-58, 20-58 

Clutches, SSS type. 62-59 

Coaster, ship. 40-58 

CODAG. 6-59, 7-59, 37-59, 63-59, 1-58, 
13-58, 14-58, 16-58, 34-58 

COGAG. 17-59 

Cold weather operation. 75-59 

Cold weather reliability. 7-59, 16-58, 
44-58 

Combined plants. 6-59, 7-59, 8-59, 12-59, 
17-59, 21-59, 25-59, 26-59, 31-59, 37-59, 
40-59, 42-59, 49-59, 54-59, 57-59, 63-59, 
68-59, 82-59, 1-58, 11-58, 13-58, 14-58, 
16-58, 20-58, 22-58, 34-58, 35-58 

Combustion problems. 65-59 

Combustion chamber. 5-59, 6-59, 62-59, 
75-59, 9-58, 18-58, 31-58 

Combustion chamber cooling. 9-58, 
31-58 

Combustion, salt effect on. 33-58 

Combustor, can type. 50-59 

Combustor, cannular. 23-59 

Combustor, development. 50-59 

Combustor efficiency. 29-58 

Combustor failure. 24-58 

Combustor fouling. 23-58 

Combustor, inspection. 75-59, 23-58, 
24-58 

Comfort factor. 6-58 

Comparison, cost. 4-59, 24-59, 35-59 

Comparison, diesel-gas turbine. 24-59, 
14-58 

Comparison, fuel consumption. 5-59, 
9-59, 10-59, 24-59, 4-58, 14-58 

Comparison, fuel cost. 24-59, 61-59, 4-58 

Comparison, initial costs. 4-59, 61-59, 
4-58 

Comparison, machinery. 24-59, 34-59, 
61-59, 4-58, 14-58 

Comparison, maintenance cost. 24-59, 
61-59, 4-58 

Comparison, performance. 5-59, 24-59, 
59-59, 4-58, 14-58 

Comparison, plants. 5-59, 6-59, 9-59, 
13-59, 15-59, 24-59, 27-59, 30-59, 33-59, 
48-59, 60-59, 61-59, 3-58, 4-58, 14-58, 
28-58, 29-58 


Comparison, ships. 24-59, 33-59, 3-58, 
29-58 

Comparison, space. 59-59, 61-59, 4-58, 
30-58 

Comparison, weight. 13-59, 59-59, 61-59, 
4-58, 29-58, 30-58 

Compartment noise. 16-59 

Complement, men. 5-59, 7-59, 19-59, 
24-59, 16-58, 25-58 

Component efficiency. 29-58 

Component failure. 6-59, 24-58 

Component replacement. 5-59 

Compound turbine. 17-58 

Compressor, blade. 14-59, 39-58 

Compressor blowoff. 23-59, 9-58, 31-58 

Compressor cleaning. 5-59, 6-59, 7-59, 
30-59, 16-58, 18-58, 33-58, 43-58 

Compressor development. 17-58 

Compressor efficiency. 29-58 

Compressor fouling. 6-59, 7-59, 30-59, 
16-58, 18-58, 23-58, 29-58, 33-58 

Compressor, inspection. 23-58, 24-58 

Compressor operation. 18-58 

Compressor performance. 50-59, 14-58, 
17-58 

Compressor seal. 50-59 

Compressor stall. 9-58, 31-58 

Compressor test. 33-58 

Compressor, transonic. 50-59 

Compressor washing. 5-59, 6-59, 7-59, 
30-59, 60-59, 75-59, 16-58, 23-58, 33-58, 
43-58 

CONAG. 17-59 

Construction, 
17-58, 39-58 

Construction, combustor. 75-59 

Construction, compressor. 62-59, 68-59 

Construction, inlet. 10-58 

Construction, rotor. 50-59, 51-59, 62-59 

Construction, turbine. 62-59, 68-59 

Consumption, lub oil. 7-59, 24-59, 33-59, 
48-59, 3-58, 16-58 

Controls. 5-59, 6-59, 10-59, 13-59, 23-59, 
27-59, 28-59, 30-59, 34-59, 40-59, 46-59, 
47-59, 48-59, 62-59, 68-59, 75-59, 80-59, 
10-58, 19-58, 25-58, 40-58, 43-58 

Control, bridge. 6-59, 30-59 

Control console. 40-59, 40-58 

Control, handwheel. 27-59, 34-59, 19-58, 


casing. 62-59, 75-59, 


Control, hydraulic. 13-59 

Control, noise. 16-59, 30-59 

Control, overtemperature. 6-59, 25-58 

Control, propeller. 5-59, 25-58 

Control, remote. 23-59, 25-58 

Control system, propulsion. 25-58 

Control, temperature. 24-59, 25-58 

Controllable, pitch propeller. 5-59, 6-59, 
7-59, 11-59, 17-59, 24-59, 36-59, 38-59, 
52-59, 63-59, 74-59, 83-59, 2-58, 5-58, 
15-58, 16-58, 19-58, 25-58, 29-58, 32-58, 

Conversion cost. 24-58 

Conversion, ship. 24-59, 27-59, 33-59, 
46-59, 3-58 

Cooled turbine. 58-59, 9-58, 29-58, 31-58 

Cooling air. 50-59, 17-58 

Cooling air, disc. 50-59 

Cooling, blade. 29-58 

Cooling, combustion chamber. 
31-58 

Cooling fuel. 30-59 

Cooling, liquid. 7-59, 36-59, 9-58, 16-58, 
31-58 
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Cooling, lubricant-fuel. 23-59, 30-59 

Cooling 1.o., air. 75-59 

Cooling, piston. 40-58 

Cooling water, requirement. 7-59, 16-58 

Corrosion. 5-59, 30-59, 65-59, 14-58, 
29-58 

Corrosion, blade. 29-58 

Corrosion, NaCl. 14-58 

Corrosion, nozzle. 14-58 

Corrosion, prevention. 14-58 

Corrosion, sodium sulphate. 14-58 

Corrosion, turbine. 30-59 

COSAG. 7-59, 8-59, 12-59, 17-59, 21-59, 
25-59, 26-59, 31-59, 40-59, 42-59, 49-59, 
57-59, 68-59, 82-59, 16-58, 20-58, 22-58, 
34-58 

Cost, comparison, 4-59, 24-59, 35-59 

Cost, conversion, 24-59, 81-59 

Cost, fuel. 35-59 

Cost, initial. 4-59, 7-59, 17-59, 24-59, 
34-59, 48-59, 4-58, 16-58, 29-58 

Cost, initial, diesel. 34-59, 4-58 

Cost, initial, free piston. 34-59, 4-58 

Cost, initial, plant. 4-58 

Cost, initial, steam turbine. 4-58 

Cost, initial, turbine. 78-59, 4-58 

Cost, installation. 7-59, 16-58 

Cost, maintenance. 6-59, 7-59, 13-59, 
24-59, 45-59, 65-59, 4-58, 16-58, 29-58 

Cost, manning. 24-59 

Cost, operating. 7-59, 24-59, 35-59, 4-58, 
16-58 

Cost, overhaul. 7-59, 4-58, 16-58 

Cost, repair. 24-59, 4-58 

County Class, HMS, ship. 21-59, 34-58 

Coupling, electric. 33-59 

Coupling, flexible. 50-59, 75-59 

Coupling, reversing. 7-59, 16-58 

Crash astern. 5-59 

Creep life. 60-59 

Creole personnel boat. 28-59 

Crew requirements. 5-59, 7-59, 19-59, 
24-59, 16-58, 25-58 

Crash stop. 5-59 

Crewboat, (Stewart), 6-59, 28-58 

Critical speed. 50-59, 17-58 

Crossfire tube failure. 24-58 

Cruise. 14-59, 28-59, 1-58, 7-58, 13-58, 
14-58 

Cruise power. 52-59, 1-58, 13-58, 14-58 

Cruise range. 14-59, 28-59, 14-58 

Cycles. 7-59, 20-59, 35-59, 54-59, 16-58, 
29-58 

Cycle, closed. 7-59, 20-59, 35-59, 61-59, 
16-58, 29-58 

Cycle, gas turbine inverted. 54-59 

Cycle, comparison. 29-58 

Cycle, efficiency. 61-59 

Cycle, semi-closed. 29-58 


Damping, blade. 50-59 
Deflection, rotor. 17-58 
Deflector, exhaust. 24-59, 34-59, 10-58 
Damping. 23-59, 50-59 
De-icer. 26-59 
Deposition, turbine blades. 35-59, 23-58 
Deposition, nozzles, 23-58 
Deposition, vanes. 23-58 
Deposit, salt. 18-58 
Deposit, tube. 9-58, 31-58 
Derating, diesel. 30-59, 14-58 


Derating, gas turbine. 30-59, 14-58, 
26-58 

Design life. 55-59 

Design, rotor. 34-59, 50-59, 39-58 

Development. 45-59, 50-59, 17-58 

Devonshire, HMS, ship. 21-59 

Diesel derating. 30-59, 14-58 

Diesel exhaust temperature, effect. 
14-58 

Diesel, maintenance cost. 24-59, 4-58 

Diffuser. 50-59, 75-59 

Diffuser, erosion. 33-58 

Dimensional change, rotor. 17-58, 18-58 

Distance covered. 3-58, 16-58 

Distillate fuel. 6-59 

Distortion, casing. 34-59, 10-58 

Dolan, W. A., Jr. 17-59 

Dolius, ship. 7-59, 16-58, 32-58 

Down time. 7-59, 16-58, 19-58, 24-58 

Ducting. 5-59, 6-59, 7-59, 10-59, 16-59, 
30-59, 34-59, 60-59, 16-58 

Duct, cross-over. 75-59 

Ducting, exhaust. 5-59, 6-59, 30-59, 
34-59, 60-59, 75-59 

Ducting, intake. 5-59, 6-59, 10-59, 30-59, 
34-59, 62-59 

Ducts, noise reduction in. 16-59, 60-59 

DTD 282 steel. 14-58 


Economy. 5-59, 7-59, 9-59, 39-59, 4-58, 
16-59 

Efficiency, blade. 17-58 

Efficiency, combustor. 29-58 

Efficiency, compressor. 83-59, 29-58 

Efficiency, gasifier. 19-58 

Efficiency, plant. 4-58 

Efficiency, gear. 14-58, 15-58 

Efficiency, turbine. 34-59, 83-59, 12-58, 
29-58 

Electric coupling. 33-59 

Emergency generator. 6-59, 17-59, 76- 
59 

Emergency propulsion. 25-59, 40-59, 
62-59 


Endurance, steel in air. 14-58 

Endurance, steel in sea water. 14-58 

Engine derating, effect on speed. 14-58 

Entry, turbine. 17-58 

Erosion. 5-59, 33-58 

Erosion, diffuser. 33-58 

Escort, AG, USS, ship. 17-59, 45-59 

Escort, ship. 7-59, 17-59, 1-58, 13-58, 
16-58, 40-58 

Escort, French, ship. 40-58 

Ethyl silicate, additive. 9-58, 18-58, 31- 
58 


Exhaust, deflector. 24-59, 34-59, 10-58 

Exhaust ducting. 5-59, 6-59, 30-59, 34- 
59, 60-59, 75-59 

Exhaust muffler. 16-59 

Exhaust, stern. 19-59, 30-59, 60-59 

Exhaust temperature, diesel, effect of. 
14-58 

Expansion, casing. 34-59, 62-59 

Expansion joint, casualty. 18-58 


— 
Failure, blade. 6-59, 23-59, 45-59, 24-58 
Failure, combustor. 24-58 
Failure, component. 6-59, 24-58 
Failure, cross fire tube. 24-58 
Failure, expansion joint. 18-58 


Failure, gasifier. 5-59 

Failure, gear. 28-59, 24-58 

Failure, governor. 24-58 

Failure, heat exchanger. 18-58 

Failure, igniters. 18-58, 24-58 

Failure, inducer. 24-58 

Failure, nozzle box. 24-58 

Failure, piston ring. 5-59, 24-59 

Failure, propeller. 24-59 

Failure, starter. 18-58 

Failure, starting. 18-58 

Failure, turbine. 18-58, 24-58 

Fatigue. 6-59, 30-59 

Fatigue strength, blades. 30-59, 60-59, 
14-58 

Fatigue tests. 30-59 

Fetters, J. C. 77-59 

Film cooling. 50-59 

Fire, engine casing. 26-58 

Filter, air. 75-59 

Fire pump. 6-59, 7-59, 3-58, 16-58 

Fisher, S. E. 24-58 

Flame detector. 62-59 

Flame out. 30-59, 75-59 

Flexibility, plant. 13-59 

Flooding, operation under. 68-59 

Flower, class ship. 22-59 

Fly ash, cleaner. 33-58 

Fog generator. 7-59, 28-59, 32-59, 16-58 

Forging, blade. 34-59 

Forging, electric heating. 34-59 

Foster, A. D. 23-58 

Fouling, ash. 9-58, 31-58 

Fouling, combustor. 23-58 

Fouling compressor. 6-59, 7-59, 30-59, 
16-58, 18-58, 23-58, 29-58, 33-58 

Fouling rate, salt. 33-58 

Fouling regenerator. 5-59, 6-59, 7-59, 
16-58, 18-58, 18-58, 23-58 

Fouling, salt. 5-59, 6-59, 19-59, 30-59, 
23-58, 33-58 

Fouling, test. 33-58 

Fouling, turbine. 6-59, 7-59, 65-59, 9- 
58, 16-58, 18-58, 23-58, 31-58 

Foundations. 75-59 

Free piston. 5-59, 11-59, 36-59, 38-59, 
39-59, 81-59, 2-58, 3-58, 5-58, 7-58, 
8-58, 9-58, 10-58, 11-58, 12-58, 16-58, 
19-58, 26-58, 29-58, 31-58, 32-58, 34- 
58, 40-58, 41-58, 42-58 

Free piston air intake. 10-59, 34-59 

Free piston auxiliary. 26-58, 32-58 

Free piston gasifier, CS 75. 7-59, 16-58 

Free piston gasifier, GM-14. 40-58, 42- 
58 


Free piston gasifier, GS-34. 7-59, 10- 
59, 13-59, 18-59, 34-59, 35-59, 38-59, 
39-59, 41-59, 46-59, 47-59, 48-59, 51- 
59, 79-59, 2-58, 16-58, 19-58, 40-58, 
41-58 

Free piston lubrication. 34-59, 26-58 

Free piston maintenance. 48-59 

Free piston maintenance cost. 13-59, 
24-59, 27-59, 4-58 

Free piston, sea experience. 5-59, 24- 
59, 27-59, 19-58, 26-58 

Free piston silencer. 34-59 

Frequency, shaft. 17-58 

Frictional resistance, hull. 14-59, 14-58 

Frigate, HMS, ship. 7-59, 31-59, 37-59, 
42-59, 16-58 

Fuel. 7-59, 7-58, 9-58, 14-58, 16-58, 23- 
58, 28-58, 29-58, 31-58 
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Fuel additives. 6-59, 7-59, 35-59, 65- 
59, 3-58, 9-58, 16-58, 18-58, 23-58, 
29-58, 31-58, 39-58 

Fuel analysis, spectrographic. 23-58 

Fuel atomization. 5-59, 25-58 

Fuel, bunker C. 65-59, 3-58, 19-58, 23- 
58 

Fuel capacity. 14-58 

Fuel, centrifuging. 33-59, 23-58 

Fuel consumption. 4-59, 5-59, 6-59, 9- 
59, 10-59, 13-59, 23-59, 24-59, 39-59, 
48-59, 3-58, 4-58, 14-58, 19-58 

Fuel consumption, comparison. 5-59, 
9-59, 10-59, 24-59, 4-58, 14-58 

Fuel cooling. 30-59 

Fuel cost. 35-59 

Fuel cost, comparison. 24-59, 4-58 

Fuel, distillate. 6-59 

Fuel economy. 5-59, 9-59, 50-59, 4-58 

Fuel injection. 5-59, 24-59 

Fuel, mothball. 9-59, 31-59 

Fuel nozzles, changing. 62-59, 25-58 

Fuel nozzle, spill type. 62-59 

Fuel preheating. 30-59 

Fuel pump. 29-59, 25-58 

Fuel rates. 5-59, 3-58 

Fuel, residual. 5-59, 7-59, 9-58, 10-58, 
16-58, 19-58, 29-58, 31-58 

Fuel system. 24-59, 62-59, 68-59, 18-58 

Fuel test equipment. 24-59 

Fuel treating system. 6-59, 24-59 

Fuel treatment. 5-59, 6-59, 65-59, 3-58, 
18-58, 19-58, 23-58, 24-58, 29-58 

Fuel, vanilla. 9-58, 31-58 

Fuel washing. 6-59, 7-59, 16-58, 29-58 


Gas cooled reactor. 35-59, 84-59, 85-59, 
19-58 

Gasifier, air intake. 10-59, 34-59 

Gasifier, efficiency. 19-58 

Gasifier CS-75. 7-59, 16-58 

Gasifier GM-14. 40-58, 42-58 

Gasifier GS-34. 7-59, 10-59, 13-59, 18- 
59, 34-59, 35-59, 38-59, 39-59, 41-59, 
46-59, 47-59, 48-59, 51-59, 58-59, 74- 
59, 2-58, 8-58, 16-58, 19-58, 40-58, 
41-58 

Gasifier failure. 5-59 

Gasifier lubrication. 34-59, 26-58 

Gas horsepower. 12-58 

Gasifier inspection. 19-58 

Gasifier maintenance. 48-59 

Gasifier mounting. 34-59 

Gasifier noise. 34-59, 48-59 

Gasifier test. 40-58 

Gas turbine maintenance cost. 6-59, 
19-59, 24-59, 4-58 

Gas turbine, nuclear. 7-59, 20-59, 35- 
59, 36-59, 6-58, 16-58 

Gear. 5-59, 19-59, 34-59, 62-59, 81-59, 
10-58, 14-58, 28-58, 40-58, 45-58 

Gear arrangement. 14-58 

Gear efficiency. 14-58, 45-58 

Gear failure. 28-59, 24-58 

Gear, reverse. 1-59, 2-59, 3-59, 6-59, 
14-59, 17-59, 19-59, 28-59, 53-59, 57- 
59, 58-59, 60-59, 64-59, 69-59, 5-58, 
7-58, 13-58, 14-58, 22-58, 28-58, 43-58 

Generator, electric. 2-59, 6-59, 7-59, 
17-59, 19-59, 32-59, 36-59, 45-59, 48- 
59, 16-58, 17-58, 19-58, 27-58, 30-58, 
32-58 
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Generator, emergency. 6-59, 17-59, 76- 
59 

Generator, fog. 7-59, 28-59, 32-59, 16- 
58 


Generator, 7 kw. 7-59, 45-59, 16-58 

Generator, 40 kw. 2-59, 7-59, 19-59, 
69-59, 16-58 

Generator, 125 kw. 7-59, 71-59, 16-58, 
17-58 

Generator, 200 kw. 7-59, 48-59, 16-58 

Generator, 300 kw. 7-59, 16-58, 27-58 

Generator, 350 kw. 55-59, 76-59, 17-58 

Generator, 500 kw. 7-59, 16-58, 17-58 

Generator, 550 kw. 62-59 

Generator, 600 kw. 7-59, 16-58 

Generator, 650 kw. 75-59 

Generator, 750 kw. 7-59, 16-58, 19-58 

Generator, 1000 kw. 17-58 

German navy, Escort. 45-59, 1-58, 13- 
58, 34-58 

Gerold, K. 85-59 

Glessner, J. W. 39-58 

Goodwood, ship, 7-59, 10-59, 38-59, 46- 
59, 47-59, 16-58 

Governing. 75-59, 17-58, 25-58 

Governor. 10-59, 34-59, 46-59 

Governor, Aspinol. 10-59, 34-59, 46-59 

Governor failure. 24-58 

Graves, G. L., Jr. 32-58 

Grey Goose, HMS, ship. 7-59, 16-58, 
32-58 

Geyer, Leo A. 6-58 

Greene, R. M. 77-59 

Guide vanes. 50-59 

Gyatt, USS, ship. 7-59, 16-58 


Haber, F. 77-59 

Halobates, boat. 29-59 

Hampshire, HMS, ship. 21-59 

Haybusa, PC., Japan, 34-58 

Heat exchanger. 62-59, 9-58, 23-58, 31- 
58 

Heat exchanger, casualty. 18-58 

Heat exchanger, inspection. 23-58 

Heat exchanger, separation. 18-58 

Helium. 20-59, 61-59 

Helium, effect of. 61-59 

Herman, E. M. 70-59 

Higgins crew boat. 2-59, 6-59 

Hill, C. C. 77-59 

Hoffman, L. C. 77-59, 3-58 

Hokuto Maru, ship. 29-58, 32-58 

Howes, B. 77-59 

Huber, R. 67-59 

Huebner, G. J., Jr. 77-59 

Hull construction. 19-59 

Hull design, polyhedral. 1-59, 14-59 

Hull resistance, effect. 14-59, 14-58 

Hub tip ratio. 50-59 

Hydraulic reverse gear. 5-58 

Hydrofoil, ship. 7-59, 20-59, 29-59, 45- 
59, 73-59, 6-58, 14-58, 16-58, 43-58 

Hydrofoil, super cavitating. 20-59 


Idle operation. 60-59 
Ignition system. 23-59 
Ignitor failure. 18-58, 24-58 
Incidence angle. 17-58 
Indicator, clearance. 34-59, 10-58 
Inducer. 17-58 
Inducer acceleration. 17-58 


Inducer casualty. 28-59 


_ Initial cost. 4-59, 7-59, 17-59, 24-59, 34- 


59, 48-59, 4-58, 16-58, 29-58 
Initial cost, diesel. 34-59, 4-58 
Initial cost, free piston. 34-59, 4-58 
Initial cost, gas turbines. 4-58 
Initial cost, plants. 4-58 
Initial cost, steam turbine. 4-58 
Injection, fuel. 5-59, 24-59 
Injection, salt water. 14-58 
Inlet construction. 10-58 
Inlet ducting. 5-59, 6-59, 10-59, 30-59, 

34-59 
Inlet guide vanes. 50-59 
Inlet noise. 28-59, 30-59 
Inlet silencer. 28-59 
Inlet traverse. 23-59 
Inspections. 65-59 
Inspection interval, gasifier. 19-58 
Inspection, combustor. 23-58, 24-58 
Inspection, compressor. 23-58, 24-58 
Inspection, heat exchanger. 23-58 
Inspection, regenerator. 5-59 
Inspection, ring. 19-58 
Inspection, turbine. 23-58, 24-58 
Installation. 7-59, 62-59, 16-58 
Installation cost. 7-59, 16-58 
Insulation, acoustic. 13-59, 14-59, 48-59 
Installation data. 62-59, 21-58 
Intercooling. 53-59, 62-59, 83-59, 17-58, 

18-58, 29-58 
Intercooling, effect. 29-58 
Interstate diaphragm. 50-59 
Isolation, noise. 16-59 


J 

Jackson, R. L. 6-59, 77-59 

John Sergeant, ship. 5-59, 6-59, 7-59, 
9-59, 15-59, 24-59, 33-59, 35-59, 45- 
59, 65-59, 3-58, 16-58, 19-58, 23-58, 
25-58, 29-58, 32-58, 35-58 

Johnson, D. P. 21-58 

Junkerman, W. 85-59 

Jupiter, boat. 7-59, 7-58, 16-58 


Kaolin, additive. 9-58, 18-58, 31-58 
Kasthuri, S. 29-58 
Kent, HMS, ship. 21-59 
Knowles, D. W. 50-59 
Kohn, E. O. 75-59 


Labyrinth seal. 5-59, 34-59, 51-59 

Lamb, J. 18-58 

Lancing, 6-59 

Lashing, blade. 23-59 

LCU, USS, boat. 7-59, 16-58 

LCPL 36’, USS, boat. 7-59, 16-58 

LCPL 40’, USS, boat. 6-59, 7-59, 36- 
59, 16-58 

LCVP, USS, boat. 7-59, 28-59, 32-59, 
16-58, 32-58, 43-58 

Leak off. 34-59, 50-59 

Life test. 24-58 

Liner wear. 24-59, 35-59 

Liquid cooling. 7-59, 36-59, 9-58, 16- 
58, 31-58 

Llandaff, HMS, ship. 7-59, 36-59, 16-58 

London, HMS, ship. 21-59 

Loss, leaving. 50-59 

Loss, performance. 5-59, 6-59, 13-59, 
30-59, 14-58, 16-58, 23-58, 24-58 


| | 
| 


SAWYER 


MARINE GAS TURBINE BIBLIOGRAPHY 


Loss, windage. 24-59, 34-59, 48-59, 5-58 

Lowman, Donald. 73-59 

LST, USS, ship. 7-59, 28-59, 32-59, 16- 
58, 32-58 

Lubricating oil consumption. 7-59, 24-59, 
33-59, 48-59, 3-58, 16-58 

Lubricating oil cooling, fuel. 23-59, 30- 
59 


Lubrication, free piston. 34-59, 26-58 
Lubrication system. 62-59, 25-58 


—M— 

Machinery arrangement. 10-59, 34-59, 
45-59, 48-59, 62-59, 75-59, 8-58, 14-58, 
40-58 

Machinery comparison. 24-59, 34-59, 
4-58, 14-58 

Machinery weight. 13-59, 19-59, 34-59, 
4-58, 14-58, 19-58, 40-58 

Magnesium sulphate. 6-59 

Maintenance. 1-59, 5-59, 6-59, 7-59, 
13-59, 14-59, 15-59, 19-59, 24-59, 27-59, 
45-59, 60-59, 61-59, 3-58, 14-58, 6-58, 
14-58, 16-58, 18-58, 29-58 

Maintenance cost. 6-59, 7-59, 13-59, 
24-59, 45-59, 4-58, 16-58, 29-58 

Maintenance cost, diesel. 24-59, 4-58 

Maintenance cost, free piston. 13-59, 
24-59, 27-59, 4-58 

Maintenance cost, gas turbine. 6-59, 
19-59, 24-59, 65-59, 4-58 

Maintenance cost, steam turbine. 24-59, 
4-58 

Maintenance, gasifier. 48-59 

Maintenance data. 24-59 

Manning. 5-59, 7-59, 19-59, 24-59, 16-58, 
25-58 

Manning cost. 24-59 

Maneuverability. 6-59, 7-59, 61-59, 
16-58, 29-58 

Maneuvering. 2-59, 5-59, 7-59, 10-59, 
46-59, 62-59, 10-58, 14-58, 16-58 

Markham, B. G. 30-59, 60-59, 14-58 

Masking, turbine blade. 10-59, 24-59, 
34-59, 48-59, 19-58, 40-58 

Matching components. 5-59, 50-59 

Matching, propeller. 30-59 

Material properties. 29-58 

McMullen, J. J. 65-59 

Measurement, noise. 16-59 

Merignac, ship. 7-59, 16-58, 19-58, 26-58, 
32-58 

Meter, power, integrating. 53-59, 58-59, 
36-58 

Meter, torque. 9-58, 31-58 

MGB 2009, HMS. ship. 45-59, 29-58 

Miller, C. L. 24-58 

Miller, W. P. 63-59 

Mills, R. G. 6-59, 82-59 

Minesweep, French, ship. 40-58 

Misalignment. 75-59 

Model tests. 5-59 

Morar, ship. 13-59, 27-59, 34-59, 35-59, 
38-59, 39-59, 44-59, 48-59, 10-58, 37-58 

Mothball fuel. 9-58, 31-58 

Mounts, noise. 16-59 

Mounting. 75-59 

Mounts, shock. 75-59 

Mounting gasifier. 34-59 

MSB, USS, ship. 6-59, 7-59, 28-59, 
32-59, 16-58, 32-58 


MSB-28, USS, ship. 6-59, 7-59, 16-58, 


32-58 


MSB-29, USS, ship. 6-59 

MSL, USS, boat. 6-59, 7-59, 28-59, 32-59, 
36-59, 16-58 

MTB, HMS, ship. 7-59, 16-58, 32-58 

MTG, HMS, ship. 7-59, 16-58 

Muffler, exhaust. 10-59 

Mumma, A. G. 77-59 

Muntz, F. A. I. 26-58 


—N— 

Nevard, Jacques. 15-59 

Newell, R. Y. 24-59 

New construction, ships. 13-59, 18-59, 
21-59, 27-59, 31-59, 34-59, 1-58, 4-58, 
8-58, 10-58, 13-58, 37-58 

Noise. 5-59 6-59, 13-59, 16-59, 30-59, 
39-59, 43-59, 7-58, 29-59 

Noise attenuation. 16-59, 70-59 

Noise, compartment. 16-59 

Noise control. 16-59, 30-59, 70-59 

Noise, diesel. 75-59 

Noise, ducting. 16-59, 70-59 

Noise, free piston gasifier. 34-59, 48-59 

Noise, gas turbine. 16-59, 75-59 

Noise, inlet. 28-59, 30-59 

Noise isolation. 16-59 

Noise measurements. 16-59 

Noise mounts. 16-59 

Noise reduction. 16-59, 28-59, 30-59, 
34-59, 48-59, 70-59 

Noise, steam turbine. 75-59 

Nozzles. 6-59, 24-59, 34-59, 50-59, 10-58, 
17-58, 25-58 

Nozzle assembly. 17-58 

Nozzle, astern. 10-58 

Nozzle construction. 34-59 

Nozzle, ceramic. 13-58 

Nozzle corrosion. 60-59, 14-58 

Nozzle cracks. 50-59, 24-58 

Nozzle deposit. 23-58 

Nozzle distortion. 6-59 

Nozzle fastenings. 10-58 

Nozzle failure. 24-58 

Nozzle material. 34-59 

Nozzle, variable area. 25-58 

Nuclear gas turbine. 7-59, 20-59, 35-59, 
36-59, 61-59, 85-59, 6-58, 16-58 

Nuclear plant safety. 61-59 

Nuclear power. 15-59, 26-59, 35-59, 
61-59, 83-59, 85-59, 6-58, 19-58 


Operating cost. 7-59, 24-59, 35-59, 4-58, 
16-58 

Operating experience. 6-59, 7-59, 15-59, 
24-59, 28-59, 36-59, 45-59, 3-58, 16-58, 
18-58, 19-58, 23-58, 40-58 

Operating personnel. 5-59, 7-59, 19-59, 
24-59, 36-59, 45-59, 16-58, 25-58 

Operating time. 5-59, 6-59, 24-59, 28-59, 
36-59, 75-59, 16-58 

Operating troubles. 24-59, 28-59, 40-58 

Operating, compressor. 18-58 

Operation, sea. 7-59, 24-59, 33-59, 36-59 
3-58, 16-58 

Operation, silent. 29-59 

Operation, submerged. 68-59 

Operation, under list. 75-59 

Operation, under pitch. 75-59 

Ore carrier, ship. 39-59, 41-58 

Ormara, ship. 7-59, 16-58, 19-58, 26-58, 
29-58 


Outage, forced. 24-58 


Outage, scheduled. 24-58 

Outboard turbine. 66-59 

Overhaul. 7-59, 30-59, 6-58, 16-58, 
29-58. 

Overhaul cost. 7-59, 4-58, 16-58 

Overhaul interval. 7-59, 23-59, 30-59, 
45-59, 60-59, 78-59, 16-58 

Overheating, turbine casing. 24-59 

Overspeed trip. 46-59, 51-59, 60-59, 
25-58, 40-58 

Overtemperature control. 6-59 

Overtemperature, oil. 28-59 


Pa 

Pametrada. 53-59, 58-59, 5-58, 9-58, 
29-58, 31-58, 36-58 

Passman, Jay S. 24-58, 44-58 

Patents. 54-59, 67-59, 71-59, 80-59 

Patrol boat. 1-59, 17-59, 44-58 

Paul, H.-G. 85-59 

Pay load. 39-59 

PB 40’, USS, boat. 7-59, 16-58 

Peach pits, cleaner. 6-59, 33-58 

Performance comparison. 5-59, 24-59, 
59-59, 4-58, 14-58 

Performance, compressor. 50-59, 14-58, 
17-58 

Performance loss. 24-58 

Performance, loss by fouling. 23-58 

Performance, part load. 29-58 

Performance, plant. 1-59, 2-59, 5-59, 
9-59, 13-59, 15-59, 24-59, 47-59, 53-59, 
3-58, 23-58, 29-58 

Performance, propeller, 5-59 

Performance, regenerator. 35-59, 53-59 

Performance, turbine. 4-59, 23-59, 50-59, 
17-58 

Personnel, operating. 5-59, 7-59, 19-59, 
24-59, 36-59, 45-59, 16-58, 25-58 

Personnel requirement. 5-59, 7-59, 
19-59, 24-59, 16-58, 25-58 

Peterson, R. R. 21-58 

Piston cooling. 40-58 

Piston ring wear. 19-58 

Piston speed. 40-58 

Pitch setting. 5-59 

Pitt, P. A. 6-59, 77-59 

Plants, combined. 6-59, 7-59, 8-59, 12-59, 
21-59, 25-59, 26-59, 31-59, 37-59, 40-59, 
42-59, 49-59, 54-59, 57-59, 63-59, 1-58, 
4-58, 8-58, 11-58, 13-58, 14-58, 16-58, 
20-58, 22-58, 34-58, 35-58 

Plant comparison. 5-59, 6-59, 9-59, 
13-59, 15-59, 24-59, 27-59, 30-59, 33-59, 
48-59, 60-59, 3-58, 4-58, 14-58, 28-58, 
29-58 

Plant efficiency. 83-59, 4-58 

Plant flexibility. 13-59 

Plant weight. 13-59 

Polishing, blade. 14-58 

Polishing, electrolytic. 14-58 

Polishing, mechanical. 14-58 

Polyhedral hull. 2-59, 14-59 

Pope, A. W. 17-58 

Position indicator, rotor. 34-59, 10-58 

Power, cylinder. 5-59 

Power, astern. 7-59, 10-59, 13-59, 1-58, 
3-58, 5-58, 7-58, 10-58, 14-58, 16-58, 
19-58, 40-58 

Power loss. 5-59, 6-59, 13-59, 30-59, 
14-58, 16-58, 23-58, 24-58 

Power loss, fouling. 5-59, 6-59, 30-59, 
60-59, 14-58, 16-58 
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Power, meter, integrating. 53-59, 58-59, 
36-58 

Power recovery, washing. 5-59, 6-59, 
30-59, 60-59, 14-58, 16-58 

Power-weight ratio. 14-58 

Precision casting. 34-59 

Preheating fuel. 30-59 

Pressure drop. 7-59, 16-58 

Pressured-fired boiler. 7-59, 17-59, 
35-59, 82-59, 11-58, 16-58, 39-58 

Propeller, controllable pitch. 5-59, 6-59, 
7-59, 11-59, 17-59, 24-59, 36-59, 38-59, 
52-59, 58-59, 63-59, 74-59, 83-59, 2-58, 
5-58, 15-58, 16-58, 19-58, 25-58, 29-58, 
32-58 

Propeller failure. 24-59 

Propeller matching. 30-59 

Propeller, supercavitating. 20-59 

Proportioning valve. 34-59 

Propulsion. 1-59, 2-59, 6-59, 7-59, 10-59, 
11-59, 13-59, 15-59, 20-59, 21-59, 24-59, 
25-59, 26-59, 28-59, 32-59, 33-59, 36-59, 
37-59, 40-59, 45-59, 46-59, 57-59, 60-59, 
62-59, 68-59, 72-59, 77-59, 83-59, 3-58, 
4-58, 5-58, 6-58, 7-58, 10-58, 11-58, 
12-58, 14-58, 15-58, 16-58, 25-58, 28-58, 
29-58, 32-58, 45-58 

Propulsion, air screw. 6-59, 20-59, 59-59 

Propulsion, emergency. 25-59, 40-59 

Propulsion, free piston. 5-59, 7-59, 9-59, 
10-59, 11-59, 13-59, 17-59, 22-59, 24-59, 
27-59, 33-59, 34-59, 38-59, 39-59, 41-59, 
44-59, 45-59, 46-59, 47-59, 48-59, 
49-59, 79-59, 81-59, 3-58, 4-58, 5-58, 
8-58, 10-58, 11-58, 12-58, 26-58, 29-58, 
37-58, 40-58, 41-58 

Propulsion plant weights. 13-59, 19-59, 
34-59, 4-58, 14-58, 19-58, 40-58 

Propulsive efficiency. 6-58 

Proscino, V. 23-59 

PT-812, USS, ship. 6-59, 7-59, 36-59, 
43-59, 45-59, 52-59, 63-59, 16-58, 32-58, 
34-58, 44-58 

Pulsations, air. 5-59, 24-59, 34-59 

Pump, fuel. 24-59, 25-58 

Pump, fire. 6-59, 7-59, 3-58, 16-58 

Putz, T. J. 77-59 

Pyrometer, 28-59 


—R— 
Radial inflow turbine. 36-59, 5-58 
Range, comparison turbine-diesel. 14-58 
Rapid starting. 7-59, 8-59, 45-59, 49-59, 
50-59, 16-58 
Reactor, gas cooled. 35-59, 61-59, 19-58 
Reactor, maritime gas cooled. 61-59 
Recirculation, free piston. 19-58 
Recovery, waste heat. 6-59, 30-58 
Reed valves. 40-58 
Refractory. 58-59, 9-58, 31-58 
Regeneration. 5-59, 6-59, 53-59, 61-59, 
17-58, 19-58, 29-58 
Regeneration, effect. 29-58 
Regenerator. 5-59, 6-59, 53-59, 61-59 
Regenerator cleaning. 5-59, 6-59, 65-59 
Regenerator, fouling. 5-59, 6-59, 7-59, 
65-59, 16-58, 18-58, 23-58 
Regenerator inspection. 5-59 
Regenerator performance. 35-59 
Reheat. 83-59, 29-58 
Reisweber, R. C. 39-58 
Reliability. 6-59, 7-59, 43-59, 45-59, 
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60-59, 14-58, 16-58, 18-58, 24-58, 25-58, 
29-58, 44-58 

Reliability, cold weather. 7-59, 16-58 

Relief valve, gasifier. 34-59 

Remote control. 6-59 

Repair cost. 24-59, 4-58 

Requirement, personnel. 5-59, 7-59, 
19-59, 24-59, 16-58, 25-58 

Repairs. 5-59, 43-59 

Replacement interval, gasifier. 19-58 

Residual fuel. 5-59, 7-59, 9-58, 10-58, 
16-58, 19-58, 29-58, 31-58 

Reverse gear. 1-59, 2-59, 3-59, 6-59, 
14-59, 17-59, 19-59, 28-59, 53-59, 57-59, 
58-59, 60-59, 64-59, 69-59, 5-58, 7-58, 
13-58, 14-58, 22-58, 28-58, 43-58 

Reverse gear, hydraulic. 58-59, 5-58 

Reversing. 5-59, 5-58, 7-58, 9-58, 18-58, 
22-58, 29-58 

Reversing coupling. 7-59, 16-58 

Reversing, hydraulic gear. 18-58 

Reversing transmission. 53-59, 9-58, 
18-58, 31-58 

Reversing turbine, axial. 22-59, 48-59, 
67-59, 81-59, 40-58, 41-58 

Reversing turbine, radial. 36-59, 58-59, 
72-59, 5-58 

Rex 458 steel. 14-58 

Ring breakage. 5-59, 24-59 

Ring inspection. 19-58 

Rodgers, O. E. 77-59 

Rotor deflection. 17-58 

Rotor design. 34-59, 50-59, 51-59, 83-59, 
39-58 

Rotor dimensional change. 17-58, 18-58 

Rotor position indicator. 34-59, 10-58 

Rotterdam, ship. 7-59, 55-59, 16-58, 
32-58 

Russian tanker. 15-58 

Russian turbine. 15-58 


—s— 

Safety devices. 24-59, 30-59, 46-59, 
51-59, 60-59, 62-59 

Safety, nuclear plant. 61-59 

Sagitta, ship. 7-59, 16-58 

Salt concentration, air. 60-59 

Salt corrosion, turbine. 30-59, 60-59 

Salt deposition. 60-59, 18-58 

Salt effect, blades. 19-59 

Salt, effect on combustion. 33-58 

Salt fouling. 5-59, 6-59, 19-59, 30-59, 
23-58, 33-58 

Salt fouling, blade. 19-59 

Salt fouling rates. 33-58 

Sawyer, John W. 7-59, 36-59, 45-59, 
16-58, 32-58, 38-58 

Schelp, H. 77-59 

Schulman, M. 33-58 

Sea experience. 6-59, 7-59, 15-59, 24-59, 
28-59, 36-59, 45-59, 16-58, 18-58, 23-58, 
40-58 

Sea experience, free piston. 5-59, 24-59, 
27-59, 19-58, 26-58 

Sea trials. 1-59, 5-59, 10-59, 13-59, 15-59, 
19-59, 24-59, 27-59, 28-59, 30-59, 33-59, 
34-59, 39-59, 46-59, 47-59, 48-59, 53-59, 
59-59, 60-59, 62-59, 64-59, 69-59, 71-59, 
75-59, 81-59, 10-58, 14-58, 25-58, 29-58 

Seal, compressor. 50-59 

Seal design. 50-59 

Seal, labyrinth. 5-59, 10-59, 34-59, 51-59 

Seal leakage. 50-59 


Seal, shaft. 62-59 

Seal, turbine. 51-59 

Sea time. 6-59, 7-59, 15-59, 24-59, 28-59, 
36-59, 45-59, 53-59, 3-58, 16-58, 18-58, 
19-58, 23-58, 40-58 

Sea water ingestion. 30-59, 60-59, 14-58 

Semi-closed cycle. 29-58 

Settling tanks. 5-59 

Shaft brake. 5-59, 25-58 

Shaft frequency. 17-58 

Sharp, Erwin. 43-59 

Shields, J. R. 39-58 

Ship conversion. 24-59, 27-59, 33-59, 
46-59, 3-58 

Ship, comparison. 24-59, 33-59, 3-58, 
29-58 


Ships and boats. 

AG Escort, USS. 17-59, 45-59 

Antenor. 4-58, 36-58 

Ashanti, HMS. 31-59, 42-59, 68-59, 
34-58 

Auris. 7-59, 35-59, 38-59, 44-59, 45-59, 
53-59, 62-59, 71-59, 4-58, 9-58, 16-58, 
18-58, 19-58, 29-58, 31-58, 32-58, 
36-58 

Banana Carrier. 74-59 

Beach Lighter, USA. 7-59, 16-58 

Benjamin Chew. 7-59, 33-59, 3-58, 
16-58 

Bethsabee. 7-59, 3-58, 16-58, 32-58 

Bold Pathfinder, HMS. 7-59, 16-58 

Bold Pioneer, HMS. 7-59, 45-59, 16-58, 
32-58 

Brave Borderer, HMS. 1-59, 3-59, 
7-59, 19-59, 30-59, 36-59, 45-59, 
60-59, 64-59, 69-59, 14-58, 16-58 

Brave Swordsman, HMS, 3-59, 60-59, 
64-59 

Bulk Carrier, Russian. 79-59 

Cantenac. 7-59, 16-58, 19-58, 26-58, 
32-58 

Coaster. 40-58 

County Class, HMS. 21-59, 34-58 

Creole Personnel Boat. 28-59 

Cumberland, HMS. 7-59, 75-59, 16-58, 
19-58, 27-58, 32-58 

Destroyer, HMS. 7-59, 8-59, 21-59, 
24-59, 49-59, 16-58, 22-58 

Destroyer Escort, USS. 17-59 

Devonshire, HMS. 21-59, 57-59 

Dolius. 7-59, 16-58, 32-58 

Escort. 7-59, 1-58, 8-58, 13-58, 16-58 

Escort, German. 45-59, 1-58, 13-58, 
34-58 

Escort, French. 40-58 

Flower Class. 22-59 

Flying DUKW, USA. 59-59 

Frigate, HMS. 7-59, 31-59, 37-59, 42- 
59, 16-58, 22-58 

Goodwood. 7-59, 10-59, 38-59, 46-59, 
47-59, 81-59, 16-58 

Grey Goose, HMS. 7-59, 16-58, 32-58 

Gyatt, USS. 6-59, 7-59, 16-58 

Halobates, USS. 29-59, 59-59 

Hampshire, HMS. 21-59, 57-59 

Haybusa, PC, Japan. 34-58. 

Higgins Crewboat. 2-59, 6-59 

Hokuto Maru. 29-58, 32-58 

Hull 1259, Smith Dock. 11-59, 74-59 

Hydrofoil. 29-59, 59-59, 43-58 

Hydrofoil, 80 ton. 73-59 

John Sergeant. 5-59, 6-59, 7-59, 9-59, 
15-59, 24-59, 33-59, 35-59, 45-59, 65- 


Ss 
Ss 
S 
Si 
Si 
| Si 
| Si 


SAWYER 


MARINE GAS TURBINE BIBLIOGRAPHY 


59, 3-58, 16-58, 19-58, 23-58, 25-58, 
29-58, 32-58, 35-58 

Jupiter. 7-59, 7-58, 16-58 

Kent, HMS. 21-59, 57-59 

LCPL-36’, USS. 7-59, 16-58 

LCP(L) 40’, USS. 6-59, 7-59, 16-58 

LCU, USS. 7-59, 16-58, 32-58 

LCVP, USS. 7-59, 28-59, 32-59, 16-58, 
32-58, 43-58 

Liberty, French. 83-59 

Liberty. 7-59, 26-59, 3-58, 16-58, 40-58 

Llandaff, HMS. 7-59, 36-59, 16-58 

London, HMS. 21-59, 57-59 

LST, USS. 7-59, 28-59, 32-59, 16-58, 


32-59 
Merignac. 7-59, 16-58, 19-58, 26-58, 


32-58 
MGB 2009, HMS. 45-59, 60-59, 29-58 
Minesweep, French. 40-58 
Morar. 13-59, 27-59, 34-59, 35-59, 38- 
59, 39-59, 44-59, 48-59, 10-58, 37-58 
MSB, USS. 6-59, 7-59, 28-59, 32-59, 
16-58, 32-58 
MSB 28, USS. 6-59, 7-59, 16-58, 32-58 
MSB 29, USS. 6-59 
MSL, USS. 6-59, 7-59, 28-59, 32-59, 
36-59, 16-58 
MTB, HMS. 7-59, 16-58, 32-58 
MTG, HMS. 7-59, 16-58 
Naval Ship, Russian. 41-58 
Ore Carrier. 39-59, 41-58 
Ormara. 7-59, 16-58, 19-58, 26-58, 29- 
58, 32-58, 41-58 
Patrol Boat. 1-59, 17-59, 44-58 
PCH (Hydrofoil), USS. 45-59 
Personnel Boat 33, USS. 56-59 
Personnel Boat 40’, USS. 7-59, 16-58, 
32-58 
Plane Personnel Boat. 28-59 
PT 812, USS. 6-59, 7-59, 36-59, 43-59, 
45-59, 52-59, 63-59, 16-58, 32-58, 34- 
58, 44-58 
Rembrandt. 11-59 
Rotterdam, 7-59, 55-59, 76-59, 16-58, 
32-58 
Sagitta. 7-59, 16-58 
Sirius. 32-58 
Tanker, Russian. 15-58 
Timmerman, USS. 6-59 
Training Ship. 29-58 
Trawler. 2-58, 41-58 
Tribal Class, HMS. 25-59, 40-59, 42- 
59, 68-59, 34-58 
Weybridge. 7-59, 35-59, 16-58, 32-58 
Whaler. 22-59, 41-59 
William Patterson. 5-59, 7-59, 9-59, 
24-59, 33-59, 35-59, 3-58, 12-58, 16- 
58, 19-58, 26-58, 29-58, 32-58, 40-58, 
42-58, 45-58 
Ships under construction. 13-59, 18-59, 
21-59, 27-59, 31-59, 34-59, 81-59, 1-58, 
4-58, 8-58, 10-58, 13-58, 37-58 
Shock features. 50-59, 68-59, 75-59 
Shrouded blade. 17-58 
Silencer, acoustic. 34-59, 60-59 
Silencer, free piston. 34-59 
Silencer, inlet. 28-59, 62-59 
Silent operation. 29-58 
Silica, additive. 18-58 
Silencing. 6-59, 7-59, 30-59, 34-59, 68- 
59, 16-58 
Simpson, H. M. 7-59, 36-59, 16-58 


Sirius, ship. 32-58 

Smille, J. 36-58 

Sodium attack. 65-59 

Solids, cleaning. 33-58 

Soot blowing. 62-59, 9-58 

Sound Absorption. 16-59, 70-59 

Sound, structure borne. 70-59 

Space comparison. 59-59, 4-58, 30-58 

Space, plant. 13-59, 61-59, 29-58, 30-58 

Spare parts. 7-59, 16-58 

Specht, D. H. 5-59, 77-59 

Specific fuel consumption. 9-59, 10-59, 
13-59, 23-59, 33-59, 34-59, 48-59, 53- 
59, 3-58, 14-58, 19-58 

Specific output. 29-58 

Specific weight. 19-59, 23-59, 6-58, 29-58 

Specification, industrial. 75-59 

Spectrographic fuel analysis. 23-58 

Speed, boat comparison. 14-58 

Speed, optimum. 14-58 

Splitters, noise reduction. 16-59, 30-59, 
34-59 

Spray pattern, fuel. 23-59 

Stack solids. 18-58 

Stage efficiency, turbine. 34-59 

Stages, astern. 5-59, 7-59, 10-59, 11-59, 
13-59, 34-59, 48-59, 9-58, 10-58, 16-58, 
19-58, 31-58, 37-58 

Stage choking. 50-59 

Stage masking. 10-59, 24-59, 34-59, 48- 
59, 19-58, 40-58 

Stagger. 50-59 

Stall. 9-58, 31-58 

Starter casualty. 18-58 

Starters. 6-59, 68-59 

Starters, air. 6-59 

Starters, automatic. 6-59 

Starters, electric. 6-59 

Starters, hand. 6-59 

Starting. 55-59, 25-58, 29-58, 44-58 

Starting, casualty. 18-58 

Starting, cold weather. 44-58 

Starting, electric. 30-59 

Starting, rapid. 7-59, 8-59, 45-59, 49-59, 
69-59, 16-58 

Steam turbine maintenance cost. 24-59, 
4-58 

Steel, endurance in air. 14-58 

Steel, Rex 458. 14-58 

Stern exhaust. 19-59, 30-59 

St. Germain, W. 77-59 

Stopping time. 62-59 

Strainers, oil. 14-58, 45-58 

Stram. R. 77-59 

Supercharger, boiler. 7-59, 17-59, 35-59, 
11-58, 16-58, 39-59 

Swallowing capacity, turbine. 13-59, 48- 
59 


System, fuel. 24-59, 18-58 
System, ignition. 23-59 
System, lubrication. 25-58 


Tangerini, C. C. 5-59, 77-59, 23-58 
Temperature control. 25-58 
Temperature, effect of. 29-58 
Temperature gradient. 50-59 
Terrell, B. J. 80-59, 5-58 
Test, compressor, 33-58 
Test equipment, fuel. 24-59 
Test, fatigue. 30-59 
Test, fouling. 33-58 


Test, gasifier. 40-58 

Test, life. 24-58 

Test, model. 5-59 

Test results. 68-59, 17-58, 19-58, 28-58, 
33-58 

Thermal distortion, casing. 50-59, 10-58 

Thermal efficiency. 68-59, 29-58 

Thermal shock. 50-59 

Thomas Nelson, ship. 7-59, 23-59, 3-58, 
16-58, 29-58 

Thrust bearing. 34-59, 46-59, 48-59, 62- 
59, 10-58, 18-58 

Thrust bearing, casualties. 18-58 

Timmerman, USS, ship. 6-59 

Tip clearance. 50-59, 62-59, 17-58, 18-58 

Tip clearance, indicator. 62-59 

Torque converter, hydraulic. 19-58 

Torque meter. 9-58, 31-58 

Training. 43-59 

Training ship. 29-59 

Transmission. 6-58 

Transom exhaust. 19-59, 30-59 

Traverse, inlet. 23-59 

Transmission, Pametrada. 62-59 

Transmission, reversing. 62-59, 18-58, 
31-58 

Trawler, ship. 2-58, 41-58 

Treatment, fuel. 5-59, 6-59, 3-58, 18-58, 
19-58, 23-58, 24-58, 29-58 

Trials, backing. 24-59 

Trials, sea. 1-59, 5-59, 10-59, 13-59, 15- 
59, 19-59, 24-59, 27-59, 28-59, 30-59, 
33-59, 34-59, 39-59, 46-59, 47-59, 48- 
59, 53-59, 10-58, 14-58, 25-58, 29-58 

Trials, test bed. 29-59 

Tribal Class, HMS, ship. 25-59, 40-59, 
42-59, 34-58 

Trip, high temperature. 24-59 

Tube, aluminum coating. 9-58, 31-58 

Tube deposits. 9-58, 31-58 

Tube failures. 9-58, 31-58 

Turbine, astern. 5-59, 3-58 

Turbine, blade. 23-59, 58-59, 39-58 

Turbine blade masking. 10-59, 24-59, 
34-59, 19-58, 40-58 

Turbine, bypass. 80-59 

Turbine casing design. 34-59, 10-58, 
17-58 

Turbine casualty. 18-58, 24-58 

Turbine cleaning. 7-59, 9-58, 16-58, 18- 
58, 23-58, 31-58 

Turbine clearance. 5-59, 62-59, 17-58, 
18-58 

Turbine, compound. 17-58 

Turbine cooling. 9-58, 29-58, 31-58 

Turbine derating. 30-59, 14-58, 26-58 

Turbine development. 50-59, 17-58 

Turbine efficiency. 34-59, 50-59, 83-59, 
12-58, 29-58 

Turbine failure. 18-58, 24-58 

Turbine fouling. 6-59, 7-59, 9-58, 16-58, 
18-58, 23-58, 31-58 

Turbine inlet, volute. 58-59 

Turbine inspection. 23-58, 24-58 

Turbine leakage. 5-59 

Turbine noise. 16-59 

Turbine, nozzle, corrosion. 14-58 

Turbine, fouling. 6-59, 7-59, 65-59, 9-58, 
16-58, 18-58, 23-58, 31-58 

Turbine performance. 4-59, 23-59, 50- 
59, 17-58 

Turbine, radial inflow. 36-59, 58-59, 8-58 
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Turbine, reversing, axial. 22-59, 48-59, 
40-58, 41-58 
Turbine, reversing, radial. 36-59, 5-58 
Turbines. 
Airesearch GTC 85-24. 16-58, 21-58 
Airesearch GTCE 85-2. 16-58, 21-58 
Airesearch GTCP 85-20. 16-58, 21-58 
Airesearch GTP 70-10. 16-58, 21-58 
Airesearch GTP 250-2. 16-58, 21-58 
Allen, W. H., Type A. 16-58, 21-58 
Allen, W. H., Type B:. 7-59, 16-58, 17- 
58, 21-58 
Allen, W. H., Type C. 7-59, 16-58, 17- 
58, 21-58 
Allen, W. H., Type D. 7-59, 16-58, 17- 


Alsthom 4000 hp. 79-59 

Automotive. 4-59 

Blackburn, Artouste 600. 16-58, 21-58 

Blackburn, Palouste 500. 16-58, 21-58 

Blackburn, Turmo 600. 7-59, 16-58, 
17-58, 21-58 

Boeing 500-10c. 7-59, 28-59, 16-58, 21- 
58 

Boeing 502-2. 7-59, 16-58 

Boeing 502-6. 7-59, 28-59, 16-58, 21-58, 
24-58 

Boeing 502-7. 28-59 

Boeing 502-8c. 7-59, 28-59, 16-58, 
21-58 

Boeing 502-10c. 4-59, 7-59, 28-59, 45- 
59, 56-59, 77-59, 16-58, 21-58 

Boeing 502-10F. 28-59 

Boeing 502-11B. 28-59, 16-58, 21-58 

Boeing 520-1. 32-59, 45-59, 77-59, 16- 
58, 21-58 

Bristol Marine Proteus. 1-59, 3-59, 7- 
59, 19-59, 30-59, 37-59, 45-59, 60-59, 
64-59, 14-58, 16-58 

British Thomson-Houston 1300 hp. 7- 
59, 16-58, 17-58 

British Thomson-Houston 4000 hp. 
11-59, 38-59 

British Thomson-Houston 5500 hp. 
7-59, 35-59, 53-59, 62-59, 71-59, 16- 
58 

Brown-Boveri 13,000 hp. 45-59, 74-59, 
1-58, 8-58, 13-58, 34-58 

Budworth 50 hp. 16-58, 21-58 

Chrysler, automotive. 4-59 

Clark Bros. 302. 4-59, 16-58, 21-58 

Continental 141. 16-58, 21-58 

Continental TC-106. 4-59 

Curtiss-Wright J65W16. 16-58, 21-58 

English Electric EM27P. 16-58, 21-58 

Escher Wyss JN-10V 10,000 hp. 7-59, 
16-58 

General Electric 6700 hp. 5-59, 7-59, 
16-58, 19-58, 21-58, 23-58, 25-58 

General Electric 7LE70. 16-58, 21-58 

General Electric. 7LA75. 16-58, 21-58, 
77-58 

General Electric 7LA134. 16-58, 21-58 

General Electric 7LA225. 16-58, 21-58 

General Electric T-58. 4-59, 16-58, 21- 
58 

General Electric 7LA304. 16-58, 21-58 
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Lycoming. LTC1B-1. 16-58, 21-58 

Lycoming LTC1-F-1. 16-58, 21-58 

Lycoming LTC4A-1. 16-58, 21-58 

Lycoming LTC4B-1. 16-58, 21-58 

Lycoming T-53. 4-59, 7-59, 29-59, 59- 
59, 16-58, 43-58 

Metropolitan Vickers G2/1. 7-59, 60- 
59, 16-58 

Metropolitan Vickers G2/2. 7-59, 52- 
59, 60-59, 62-59, 16-58, 21-58 

Metropolitan Vickers G-4. 12-59, 16- 
58, 21-58 

Metropolitan Vickers G-6. 12-59, 68- 
59, 22-58 

Mitsubishi 200 hp. 7-59, 16-58 

Mitsubishi 2500 hp. 7-59, 16-58 

Mitsubishi EWJN 10,000 hp. 7-59, 16- 
58 


Peter Brothe Ltd. 51-59 
Pratt and itney, Canadian 
78-59 


Pratt and Whitney T-34 5000 hp. 7- 
59, 16-58 

Rankine and Blackmore MkI 2500 hp. 
34-59, 39-59 

Rankine and Blackmore 3000 hp. 41- 
59, 48-59 

Rateau ACB 3300 hp. 7-59, 16-58 

Rateau 3500 hp. 83-59 

Rolls-Royce RM60. 7-59, 16-58 

Ruston-Hornsby T-A. 4-59, 7-59, 75- 
59, 16-58, 19-58, 21-58 

Ruston-Hornsby T-E, 7-59, 75-59, 
16-58, 17-58, 21-58, 27-58 

Rover 1S/60. 3-59, 7-59, 19-59, 30-59, 
64-59, 16-58 

Russian, 15-58 

Solar T-45. 7-59, 45-59, 63-59, 16-58 

Solar T-41M. 16-58, 21-58 

Solar T-45M8. 16-58, 21-58 

Solar T-45M. 16-58, 21-58 

Solar T-300. 16-58, 21-58 

Solar T-520. 7-59, 77-59, 16-58, 21-58 

Solar T-522. 2-59, 4-59, 7-59, 14-59, 
77-59, 16-58, 21-58, 28-58 

Solar T-1000. 77-59, 16-58, 21-58 

Solar, Saturn. 4-59, 45-59, 77-59 

Stolz. 29-58 

Utica 100ST. 16-58, 21-58 

Utica 200ST. 16-58, 21-58 

Utica 300 ST. 45-59, 50-59, 77-59, 16- 
58, 21-58 

Westinghouse W-31. 16-58, 21-58 

Westinghouse W-52. 16-58, 21-58 

Westinghouse W-52-R. 16-58, 21-58 

Westinghouse W-81. 16-58, 21-58 

Westinghouse W-81-R. 16-58, 21-58 

Westinghouse W-121. 16-58, 21-58 

Westinghouse W-201. 16-58, 21-58 

Westinghouse 75 MV. 23-59, 45-59, 16- 
58, 21-58 

Williams 75 hp. 66-59 

Turbine, salt corrosion. 30-59 
Turbine, swallowing capacity. 13-59, 48- 
59 


Unbalance, 50-59 


Use factor. 7-59, 45-59, 16-58 
Utilization factor. 45-59, 6-58 


Valves, blow off. 9-58, 31-58 

Valve, proportioning. 34-59 

Van Nest, F. H. 25-58 

Vanadium, in fuel. 6-59, 23-58, 29-58 
Vane, deposit, 23-58 

Vapor blasting. 14-58 

Velocity profile. 17-58 

Velox boiler. 1-58 

Vent, casing. 34-59 

Ventilation, compartment. 7-59, 16-58 
Vibration. 16-59, 39-59, 50-59 
Vibration, blade. 23-59, 50-59 
Vibration mounts. 16-59 

Vickers, W. C. 27-58 

Volume, turbine outlet. 13-59 
Vortex flow. 9-58, 31-58 


—w— 

Walnut shells, additive. 75-59, 18-58 

Warren, G. B. 35-58 

Washing, compressor. 5-59, 6-59, 7-59, 
30-59, 75-59, 16-58, 23-58, 33-58, 43-58 

Washing, fuel. 6-59, 7-59, 65-59, 16-58, 
29-58 

Waste heat boiler. 5-59, 6-59, 24-59, 33- 
59, 35-59, 18-58, 19-58, 25-58 

Waste heat recovery. 6-59, 30-58 

Water separation, air. 19-59, 30-59, 34- 
59 


Water spray ring. 33-58 

Water separator. 60-59 

Water washing. 60-59, 23-58, 33-58 

Wave impact. 14-59, 6-58 

Wave impact, reduction. 14-59 

Wear bands. 5-59, 24-59 

Wear, liner. 24-59, 35-59 

Wear, piston ring. 19-58 

Weight comparison. 13-59, 59-59, 4-58, 
29-58, 30-58 

Weight consideration. 6-58 

Weight, machinery. 13-59, 19-59, 34-59, 
4-58, 14-58, 19-58, 40-58 

Weight, machinery-fuel. 4-58 

Weight savings. 13-59 

Weight, specific. 19-59, 23-59, 6-58, 29- 
58 


Welding, blade. 9-58, 31-58 

Weybridge, ship. 7-59, 35-59, 16-58, 32- 
58 

Whaler, ship. 22-59, 41-59 

Whirl angle. 17-58 

William Patterson, ship. 5-59, 7-59, 9- 
59, 24-59, 33-59, 35-59, 3-58, 12-58, 
16-58, 19-58, 26-58, 29-58, 32-58, 40- 
58, 42-58, 45-58 

Winch drive. 17-59 

Windage loss. 24-59, 34-59, 48-59, 5-58 

Wise, C. E. 42-58 

Working fluid, helium. 20-59, 61-59, 
85-59 


Working fluid, nitrogen. 85-59 


Yeager, V. A. 28-59 


58, 21-58 
j Alsthom. 46-59, 47-59, 40-58 
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BOOK REVIEWS & NOTICES 


ELECTRONIC COMPUTERS, PRINCIPLES AND APPLICATIONS 
by T. E. Ivall 


Published in 1960 by Philosophical Library Inc. 
15 East Fortieth Street, New York 16, N. Y. 


263 pages of text and illustrations 


Price $15.00 


* Reviewed by Harry Polachek 
Applied Mathematics Laboratory 
David Taylor Model Basin 


This is a revised version of the first edition pub- 
lished in 1956 under the same title [1]. In the first 
edition the author acts as an editor, publishing in 
book form the separate contributions of a number 
of English writers working in the field of comput- 
ers. In the present edition the author attempts to 
regroup and re-write the material so as to present 
a more coherent picture. He also adds three short 
chapters, as follows: 

(1) In place of one chapter on Analogue Com- 
puting Circuits the new edition now contains two 
chapters, Analogue Computing Circuits—1, and 
Aanalogue Computing Circuits—2. 

(2) A chapter on Programming Digital Com- 
puters is added. 

(3) The chapter, Computers of the Future, some- 
what re-written, now becomes Recent Develop- 
ments, and a new chapter, Computers of the Fu- 
ture, is added. 

The book is intended as an introduction to the 
computer field for the non-technical reader. It can 
adequately fulfill this purpose. However, the book 
has a number of deficiencies. It also appears that 
the author has not really kept abreast with modern 
developments in this field, nor with the rapid ad- 


vances which are taking place in this country. In 
his brief chapter, Computers of the Future, he dis- 
cusses mainly some future potential applications of 
computers rather than the exciting developments 
which are taking place in the field of computer de- 
sign. He sometimes betrays a rather limited ap- 
preciation of the flexibility and power of modern 
digital computers. For instance, on page 214 he 
states: “It now appears that digital computers, too, 
may have some applications in the field of simula- 
tion, particularly when the system to be simulated 
has a digital nature.” Digital computers have for 
years been used to simulate very complex physical 
systems—for instance, the temperature distribution 
within the core of a nuclear reactor. 

This book can serve as a simple and not two tech- 
nical introduction to computers. In the opinion of 
the reviewer, however, the interested reader can 
find a number of other books recently published 
that will more adequately serve this purpose, prob- 
ably at a lower price. 

1. T. E. Ivall, Editor, Electronic Computers, Phil- 
osophical Library, New York, Review 118, MTAC, 
v. 12, 1958, p. 255. 


A.S.N.E. Journal, August 1960 585 


59, 
58 
58, 
-58, 
-59, A 
29- 
32- 
, 9- 
2-58, 
40- 
5-58 


BOOKS RECEIVED 


“Ship and Boat Builder Annual Review 1960” 
compiled by the editorial staff of “Ship and Boat 
Builder and Naval Architect” published by John 
Trundel Ltd., St. Richard’s House, Eversholt Street, 
N. W. 1, London. A compilation of articles on small 
boats plus listing of boat builders and repair yards 
throughout the world. Also included are tabulations 
of material specifications and suppliers. 413 pages, 
fifty shillings. 


“The Story of Chemistry” by Georg Lockemann, 
published by Philosophical Library Inc., 15 East 
40th St., New York 16, New York. 277 pages, $4.75 


“Maritime Transportation of Unitized Cargo” 
(Publication 745) by the Maritime Cargo Transpor- 
tation Conference, National Academy of Sciences, 
National Research Council, 2101 Constitution Ave- 
nue, Washington, D. C. A comparative economic 
analysis of break-bulk and unit load systems for 
maritime cargo carriers. 102 pages, $2.00 


“The Nature of Science” by David Greenwood, 
published by Philosophical Library Inc., 15 East 
40th St., New York 16, New York. A collection of 
essays in the general area of logic and mathematics 
as applied to science. 95 pages, $3.75 


“Aerospace Dictionary” by Frank Gaynor pub- 
lished by Philosophical Library Inc., 15 East 40th 
Street, New York 16, New York. An up-to-the- 
minute reference work of essential terminology in 
space exploration designed to meet the needs of in- 
dustry, government and the general reader. 260 


pages, $6.00 


“British Engineers’ Association Classified Hand- 
book of Members” published by the British Engi- 
neers Association, Inc., 32 Victoria Street, London, 
S. W. 1, England. An annual classified handbook of 
member manufacturers, their products, trade names 
and trade marks, 608 pages, 21 shillings. 


Great advances have been made in the past few years in high-tem- 
perature coatings and the present state of knowledge in this field was 
well reviewed at the Aeronautic Production Forum held in conjunction 
with the 1959 S.A.E. National Aeronautic Meeting in Los Angeles from 
October 5-10, 1959. A report of the discussions has now been published 
by the Society of Automotive Engineers, New York. One point of par- 
ticular interest to marine engineers was the statement that advances in 
the technology of flame spray and plasma spray as processes for apply- 
ing ceramic coatings have opened new potentials for such coatings to 
improve operation of diesel engines. Coatings with great thermal shock 
resistance can be built up by these spray techniques. One class of coat- 
ings may prove useful for the inhibition of the formation of carbon and 
varnishes while a second class of coating shows promise as a catalyst 
which will promote combustion. An evaluation of the possibilities for 
diesel generators and other medium speed diesels for marine use might 
well be profitable. Quite a lot of the fuel is burnt on the cylinder walls of 
engines of this size. 


—from SHIPBUILDING AND SHIPPING RECORD 
June 30, 1960 
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HOWARD JOSEPH BALL 


The Society regrets to announce the death 
of Mr. Howard Joseph Ball on 31 July 1960. 
Death was caused by a heart attack. 


Mr. Ball was an active member of the 
Society from 1919 until his death. He has 
authored technical papers which were pub- 
lished in The Journal. He was recognized 
as an authority and leader in the field of 
Naval steam turbines and gears. 


Howard Ball was born in Milette, South 
Dakota, 6 April 1894. He moved to Syra- 
cuse, New York at an early age. After com- 
pletion of high school, he entered the Gen- 
eral Electric Company’s technical school (in 
Schnectady, New York) in 1911, completing 
the course four years later. 


After graduation from technical school in 
1915, he began his long and outstanding 
career in Marine engineering as a turbine 
draftsman for the General Electric Com- 
pany in Schenectady, New York. In 1916 he 
worked as a die designer for Pressed Steel 
Car Company in Pittsburg, Pennsylvania. In 
February of 1917, he accepted appointment 
in the Navy’s Bureau of Steam Engineer- 
ing as Marine Engine and Boiler Drafts- 
man. In 1927, he was promoted to Assistant 
Engineer (Marine). In the years that fol- 
lowed, Mr. Ball received numerous promo- 
tion in the Bureau of Steam Engineering 
and in the Bureau of Ships. 


The present Steam Turbines and Gears 
Branch originated as a one-man section in 
the Bureau’s Destroyer Type Branch; 
namely, Howard Ball. As the Navy ex- 
panded, the number of turbine-driven ships 
increased rapidly, resulting in the creation 
of a separate branch to handle steam pro- 
pulsion units, with Mr. Ball at the helm. 
He continued as Head Engineer of the 
Steam Turbines and Gears Branch until his 
death. He received the Navy’s Meritorious 
Civilian Service Award for outstanding 
services during World War II. 


During his 43 years in the Bureau, Mr. 
Ball directed the development, procure- 
ment, production and maintenance of pro- 
pulsion and auxiliary steam turbines and 
gears for the expanded shipbuilding pro- 
grams during two World Wars and the post- 
war years. Under his guidance and direc- 
tion, equipment specifications were initiated 
and the quality, reliability, and performance 
of turbines and gears advanced from rela- 
tively crude bulky units with great weight 
and low capacity to the small compact light- 
weight high-capacity units currently in use. 
The transition from steam turbines with 
many stages of unshrouded non-ferrous 


blading with separating packing pieces 
secured in riveted-type drum rotors to tur- 
bines with individual stainless steel blades 
shrouded in sections and anchored by care- 
fully designed roots in drum or wheels 
integral with the rotor shaft is paralleled by 
the transition from heavy and bulky single- 
reduction gears with low tooth stresses to 
the compact highly-stressed locked-train 
double-reduction gears in use today. Life, 
reliability, freedom from maintenance, ac- 
cessibility for ease of repair, weight per 
horsepower, cubage and efficiency have all 
improved to the present levels. 


In addition to Steam Turbines and Gears, 
Mr. Ball administered the wartime pro- 
grams utilizing propulsion steam recipro- 
cating engines. At the close of World War 
II he was also respensible for the Bureau’s 
gas turbine program, then in its infancy. 

In addition to the publication of articles 
in technical journals from time to time, Mr. 
Ball has, on occasion, served as technical 
consultant to Government attorneys in law 
suits involving patent infringement. He ef- 
fectively encouraged and obtained diversity 
in source of supply to broaden the mobiliza- 
tion base, and succeeded in effecting a mea- 
sure of standardization in auxiliary units. 
Mr. Ball served on numerous Defense De- 
partment and Industry committees in active 
and advisory capacities. 

Mr. Ball’s vast experience and knowledge 
in the field of propulsion and auxiliary 
steam turbines and gears was of inestimable 
value to the Navy and Industry. He will be 
missed by many friends in the Bureau of 
Ships, in Naval Shipyards, in Industry and 
by associates who have served with him. 
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David Taylor Model Basin 


Rear Admiral E. W. Sylvester, USN (Ret.), Director of The Mariners Museum, presented a bronze bust of Rear Admiral 
David W. Taylor to the Taylor Model Basin on 26 May 1960. From left to right on the podium are: Rear Admiral R. K. James, 
Chief of the Bureau of Ships; Rear Admiral W. K. Mendenhall, Jr., USN, Commandant of the Potomac River Naval Com- 
mand; Rear Admiral E, W. Sylvester; Rear Admiral E. A. Wright, Commanding Officer and Director of the David Taylor 
Model Basin, Mrs. Imogen Taylor Devereaux, datfghter of Rear Admiral Taylor; and Rear Admiral A. G. Mumma, USN 
(Ret), President of the Society of Naval Architects and Marine Engineers. 


David Taylor Model Basin 

Rear Admiral A. G. Mumma, USN (Ret.), President of the David Taylor Model Basin 

Society of Naval Architects and Marine Engineers, speaks Rear Admiral E, W. Sylvester, USN (Ret.), Director of 

on Admiral Taylor’s long association with the Society at the The Mariners Museum, on behalf of the Trustees of the 

presentation ceremonies of his bust to the Taylor Model Museum presents Bust of Rear Admiral David Watson Tay- 
Basin. lor to the David W. Taylor Mode! Basin on 26 May 1960. 
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EVANDER WALLACE 
SYLVESTER 


With the death on 4 August 
1960 of Rear Admiral Evander 
Wallace Sylvester, U.S. Navy, 

Retired, the rank of the Soci- 
ety’s past Presidents were re- 
duced by one but this loss was 
not one of numbers. It was the 
loss of a man of exceptional 
worth, a friend whose friend- 
ship was a mark of distinction. 

Admiral Sylvester was born 
in and appointed to Naval Academy from Louisiana. From his entry into the 
Naval Academy in June 1916 until his death he contributed 44 years of de- 
voted service to the Navy of the United States and to the Maritime world. 
From his retirement from active naval duty on 1 March 1955 until his death 
he patiently and cheerfully continued in spite of the leukemia which took his 
life, his work with vigor and enthusiasm. 

Admiral Sylvester graduated with distinction from the Naval Academy with 
the Class of 1920, in June 1919 and served his active general line career of a 
little over a year on the U.S.S. ARIZONA. He was among the select group 
chosen for post-graduate education in Naval Architecture after successful 
completion of which he was commissioned, Lieutenant, Junior grade, in the 
Construction Corps. When this corps was amalgamated into the Line of the 
Navy in 1940 he had attained the rank of Commander and carried this rank 
into the Line. He was selected for and promoted to flag rank in 1946. 

In 1923 Admiral Sylvester began his career as a naval constructor at Puget 
Sound Naval Shipyard, Bremerton, Wash., and 23 years later returned to that 
yard, a Rear Admiral, as Commander. In the meantime his assignments took 
him to Portsmouth Naval Shipyard and Mare Island Navy Shipyard, to the 
Bureaus of Construction and Repair, and of Ships, to London, England as 
Assistant Naval Attache and to temporary duty in Europe. 

His last duty before World War II was as Officer-in-Charge of fitting out 
the David Taylor Model Basin to which, only a few weeks before his death, he 
presented a bust of Admiral Taylor from the Mariner’s Museum, Newport 
News, Va., at which he had become Director after his retirement in 1955. 

Admiral Sylvester was always pleased when someone recalled his having 
DONE the job that couldn’t be done. This was while the Model Basin was 
being built at Carderock. The feat, a truly noteworthy engineering accomp- 
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lishment, was planning, and laying out the track for the model basin carriage 
to follow the curvature of the earth with a minimum devitation of 1 ten- 
thousandth of an inch. The track is said today, 20 years later, to have retained 
the accuracy which was built into it by an outstanding engineer on an out- 
standing job. 

During World War II, Admiral Sylvester was twice cited for the Legion of 
Merit which he was awarded with a gold star. The first citation for his duty as 
Head of the Progress and Planning Section of the Office at the Coordinator of 
Research and Development, Office at the Secretary of the Navy, read in part: 

“from October 29, 1941 to June 7, 1952. Displaying a keen 
insight into the scientific and technical matters, (he) effectively 
expedited the nation’s war research in many fields, mainly in 
anti-submarine warfare. His judgement, executive ability and 
creative energy contributed greatly to scientific research and the 
sea success of the war-time program of the United States 

avy.” 

Later while Head of the Landing Craft Section in the Bureau of Ships, the 
second citation which added the gold star to his Legion of Merit, read, in part: 

“from June 1942 to August 31, 1945(for) effectively handling 
vast problems in connection with manpower, facilities, and ma- 
terial—for the invasion of North Africa, etc.—”. 

A historian of World War II may see the significance of the above data and 
fields of endeavor, anti-submarine warfare and landing craft, and from this 
gain insight into the vital contributions to successful prosecution of the war 
which Admiral Sylvester made. 

Following his retirement in 1955, as Director of the Mariners’ Museum at 
Newport News, while significantly advancing the value and stature of this 
museum as an unique and important establishment, he maintained keen inter- 
est in the affairs of this Society of which he had been President and of the 
Society of Naval Architects and Marine Engineers of which he had been a 
prominent member. 

He is survived by his wife Frances (nee Edwards of Fort Riley, Kansas); 
his daughters Mr. John T. Collins and Mrs. John S. Tannis, and his brothers 
Rear Admiral Malcolm and Commander Harold M., both retired from the 
Navy. His friends, which includes all of his shipmates, his associates, his 
seniors and his subordinates of his entire career of active Naval and Mari- 
time service to his country, will miss him. 
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CHANGES IN MEMBERSHIP 


The Society is happy to announce that the following 
have joined its ranks since the publication of the May 
1960 issue of the Journal. 


NAVAL 


Anderson, Byron Lee, LTJG, USN 
Mail: 32 Mackay Avenue, Paramus, N. J. 


Boles, Richard Joseph, LTJG, USN 
Mail: USS John W. Weeks (DD-701) 
c/o FPO, New York, N. Y. 


Cleveland, Arthur Ward, LCDR, USN 
Mail: Executive Officer, USS Glennon (DD-840) 
c/o FPO, New York, N. Y. 


Forman, William Edward, Jr., LTJG, USNR 
Mail: 23 Pocono Avenue, Yonkers, New York 


Giardini, Giovanni Toni, LTJG, USN 
Mail: 2325 Market Street, Camp Hill, Penna. 


Ginder, Samuel Paul, Jr., LT, USNR-R 
Section Head, Vitro Research & Development Lab. 
Mail: 4004 Rickover Road, Silver Spring, Md. 


Heavey, William Francis, Jr., LCDR, USN (Ret) 
Rep., Cooper Bessemer Corp. 
Mail: 21 Mission Drive, Pittsburgh 28, Penna. 


Howe, Robert Turner, Ensign, USNR 
Sales Dept., International Nickel Co., Suite 608, 
1000 Vermont Avenue, N. W., Washington, D. C. 


Johnson, Robert Harry, LCDR, USN (Ret) 
Mail: 1401 Ida Street, Flint, Mich. 


Lenahan, John Joseph, CDR, USNR 
Marine Dept., ARAMCO 
Mail: 324 Bunker Ranch Rd., West Palm Beach, Fla. 


Lovett, John Francis, LCDR, USNR-R 
Mech. Engr., Value Engineering Staff, Tech. Div., 
Ships Parts Control Center, Mechanicsburg, Pa. 
Mail: 361 Beverly Road, Camp Hill, Pa. 


Murphy, Marion Emerson, VADM, USN (Ret) 
Asst. to Development Manager, Polaris Missile 
System, Lockheed Aircraft Corp., Sunnyvale, Calif. 
Mail: 191 Frederick Court, Los Altos, Calif. 


Roman, Russell Clarence, LT, USNR 
Ship Repair Div., Rud Machine Co., 
1078 West 11th Street, Cleveland, Ohio 


Stilwell, James Joseph, CAPT, USN 
Mail: Code 420, Bureau of Ships, 
Navy Dept., Washington 25, D. C. 


Swainson, Gustav F., LCDR, USN 
Mail: USS Cascade (AD-16), 
c/o FPO, New York, N. Y. 


CIVIL 


Bauer, David S. 
Mail: American Machine & Foundry Co., Suite 505, 
170i K Street, N.W., Washington, D. C. 


Bennett, John L., Jr. 
Mail: District Mgr., Combustion Engineering, Inc., 
1001 Conn. Ave., Washington 6, D. C. 


Bierling, Frank William 
Tech. Coordinator, J. J. Henry Co., Inc. 
Mail: 515 Maryland Avenue, Aldan, 
Delaware County, Pa. 


Coggins, Percival Frederick 
Staff Manager, Marine Dept., Johns Manville Corp. 
22 E. 40th Street, New York 16, N. Y. 


Davis, Frederick Carr 
Supt. of Steel Hull Div., Newport News Shipbldg. 
& Dry Dock Co., Newport News, Va. 


Dyson, William Herbert 
Chief Design Engineer, US Coast Guard Yard 
Mail: 14 Giddings Avenue, Cape Arthur, 
Severna Park, Md. 


Earle, Paul Lewis 
Manager, Marine Dept., Johns Manville Corp., 
22 E. 40th Street, New York 16, N. Y. 
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Goodman, Harold Robert 
Head, Special Projects Section, Advanced Program 
Development, Hughes Aircraft Co., 
Culver City, Calif. 
Mail: 6215 Oakdale Avenue, Woodland Hills, Calif. 


Lindberg, Ramon Iverson 
Application Engineer, Reynolds Metals Co., 
6601 West Broad Street, Richmond 29, Va. 


Nay, Harvey O. 
Manager, Research, Hughes Tool Co., 
Aircraft Division, Culver City, Calif. 


Sehnert, Robert Harold 
Eastern Rep., Atomics International, Div. of N.A.A. 
1000 Conn. Avenue, N.W., Washington, D. C. 


Stevenson, John R. 
Administrative Asst., Stoddart Aircraft Radio Co., 
Inc., 6644 Santa Monica Blvd., Hollywood 38, Calif. 


ASSOCIATES 


Hood, Edwin Murray 
Vice President, Shipbldrs. of America 
Mail: 5604 Wood Way, Washington 16, D. C. 


Sammis, G. Gordon 
Naval Architect, General Dynamics Corp., 
Electric Boat Div. 
Mail: 180 Hynes Avenue, Groton, Conn. 


Toye, William R. 
Sales Rep., I-T-E Circuit Breaker Co., 
601 E. Erie Avenue, Philadelphia 34, Penna. 


JUNIORS 


Hall, Harry Marcellus 
Class of 1960, Stanford University 
Mail: 2022 N. Flower Street, Santa Ana, Calif. 


Scoville, Frederick William 
1960 Class, Rensselaer Polytechnic Institute 
Mail: Bradley Arms, 1326—19th Street, N.W., 
Washington 6, D. C. 


Siemon, Richard Edward 
1962 Class, University of Michigan 
Mail: 8043 Normile, Detroit 4, Mich. 
REINSTATED 
Hottel, M.P.; RADM, USN: (Ret) Naval 


TRANSFERRED ASSOCIATE TO CIVIL 
Asker, Gunnar Car] Fred 
Gray, Douglas Heath 


RESIGNED 
Bryant, John D., LTJG, USNR ............-e005: Naval 
Gibson, Muscoe M., LT, USNR .............0e0005 Naval 


DEATHS 


Ball, Howard C. . 
Dewey, George I. .......... 


Grimes, Clifton G., CAPT, USN (Ret) 


Moller, Harry 


Rung, H. E., LCDR, USN (Ret) 
Sylvester, Evander W., REAR ADM., USN 


Via, Elmer. 50:05 
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ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon pub- 
lication. Authors are paid from $50.00 to $250.00 depending upon length, interest 
and professional value. Payment is made at time of acceptance. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no 
proof is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing 
is acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the au- 
thor(s). 50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers, Inc. 
1012 14th St., N.W. 

Washington 5, D.C. 


Each author who is subject to the Security Regulations of the Department of 
Defense, is personally responsible for the clearance of an original article before 
submitting it to the Society for consideration. In forwarding manuscripts, a 
statement in this regard should be included. 


Manuscripts accepted will not be returned unless specifically requested by 
the author. If returned, they will be in the condition which has resulted from 
the work of the printer and the engraver. Immediately following publication, 
the author is furnished 20 reprint copies of his article free of charge. Additional 
copies may be pyrchased from the Society if the request is received 30 days 
prior to the pubucation date which is the 25th of the issue month. Estimate of 
cost of additional reprints, which will vary with the nature of the article and 
the number of copies ordered, will be furnished on request as soon as possible 
after the article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JouRNAL 
which has not yet been closed (60 days before publication) and for which suf- 
ficient material is not already on hand. 
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PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death 
of any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


COPIES OF JOURNALS 


The Society has made arrangements with the Johnson Reprint Corp. to 
be our sole representative for the sale of copies or reproductions of any 
Journals or parts of Journals which were printed prior to 1951. Any requests 
or inquiries which are received by the Society for these will be forwarded 
without any action by us. 

When making inquiries as to the procurement of or orders for copies or 
portions of any Journal from Volume 1 (1889) through Volume 62 (1950) 
please address 


Johnson Reprint Corp. 
111 5th Avenue, New York, N.Y. 


For Volume 63 (1951) and later address the Society. 


PERMISSION TO REPRINT 


All material published in the JourNAL, except the articles which are prefaced 
with an “Acknowledgement,” are copyrighted by the American Society of 
Naval Engineers. 

Permission is granted to reprint any copyrighted material contained herein 
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